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USE ANALOG 
SWITCHES TO 
MULTIPLEX YOUR 
SIGNALS 




ACHIEVING 
FIRST-TIME 
SUCCESS 
AT 40 NM 



THE MEGAPIXEL RACE: 
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DESIGNER'S 
POINT OF VIEW 




J\U the right tools in your hand 



WaveJet® Oscilloscopes 




FROM 

$2,950 



Slope 



j i—=i — 





More tools. Better tools. The right tools. 



The right tools make debugging 
faster and easier. The WaveJet 300 
Series provides more tools and greater 
performance than other compact 
oscilloscopes in the 100 MHz 
to 500 MHz range. 



• Long Memory: 500 k/ch 

• Large 7.5" Color Display 

• Compact Size, only 4" Deep 



www.lecroy.com 1-800-5-LeCroy 



• USB Connectivity 

• Replay History Mode 

• Frequency Counter 
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Hundreds-of-thousands 
of parts in stock. Visit 
www.digikey.com today 
to see how many! 




Quality Electronic Components, Superior Service 



Digi-Key Corporation purchases all product 
directly from its original manufacturer . 



*New product added daily. 
© 2008 Digi-Key Corporation 



www.digikey.com 

1.800.344.4539 

701 Brooks Ave. South • Thief River Falls, MN 56701 • USA 



30 MHz Function/Arb Generator 



• 1 \lHz to 30 MHz 

• 1 jLtHz frequency resolution 

• Sine, square, ramp, triangle, noise 

• 12-bit, 40 MSamples/sec arb waveforms 

• 2.5, 5, or 10 MHz reference input 

• Log and linear sweeps, AM, FM, PM and 
burst modulation 

• GPIB and RS-232 (opt.) 



The DS345 is a flexible and powerful 
function/arb waveform generator for a 
wide range of applioations. 

Using Direct Digital Synthesis (DDS), the 
DS345 can generate very high resolution 
waveforms. Its full suite of features 
includes AM, FM, PM and Burst modulation, 
linear and log sweeps and a 10 MHz 
reference input. 

Dedicated buttons make front panel 
operation intuitive, unlike competitive 
models with obscure menu driven 
interfaces. This makes the DS345 very 
easy to use. 



$1595 



(U.S. List) 



If you're looking for oufstanding value in 
a function generator, take a close look 
at the DS345. 






I CD C Stanford Research Systems 

1290-D Reamwood Avenue • Sunnyvale, CA 94089 • E-mail: info@thinkSRS.com 
r Phone: (408) 744-9040 • Fax: (408) 744-9049 • www.thinkSRS.com 



Enter the New World of Bourns 



Automotive Sensors 
Circuit Protection Solutions 
Magnetic Products 
Microelectronic Modules 
Panel Controls & Encoders 
Precision Potentiometers 
Resistive Products 



The world of Bourns has grown. An expanding world focused 
on exceeding our customers' needs. New innovative products 
and technologies. Expanded application solutions. Plus a 
worldwide team of technical experts to facilitate the design 
process and solve tough application problems. All provided to 
help customers shorten design cycles 
and achieve faster time-to-market, 
^^^k ^ Bourns, we have grown to serve 
you better. Step in - explore the 
ll^jL new world of possibilities from 

Bourns today: 

www.bourns.com/newworld 




© Bourns - the company you have relied on for more than 60 years. 




Built on Trust... Based on Innovation 



Test. Accelerated. 

Reduce Your Cost with a Faster Automated Test System 



Advanced parallel testing and 
multicore development tools 



High-performance 
modular instrumentation 
(DC to RF) 




Industry's lowest latency and 
highest throughput test platform 



Optimized drivers and controllers 
for more than 5,000 instruments 
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PRODUCT PLATFORM 

Nl TestStand software 

Nl LabVIEW graphical software 

PXI modular instrumentation 



For more than 30 years, National Instruments technology 
has been the foundation for building faster automated 
test and measurement systems. The Nl test platform 
combines the advantages of open PC-based systems, 
PXI modular instrumentation, and unlimited instrument 
control solutions - all powered by the industry's most 
comprehensive and widely chosen test system software. 



Learn best practices for test system design at ni.com/automatedtest 



800 891 8841 



NATIONAL 
^INSTRUMENTS 



re trademarks of National Instruments. 



Achieving first-time 
success at 40 nm 



RF: Will it ever 
be plug-in IP? 

f~S As SOCs for mobile 
\ \ devices integrate radio 
V-y \mJ circuits, they will need 
to reuse RF IP. But will they be 
able to? 

by Ron Wilson, Executive Editor 
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An early adopter at the 
40-nm node tells what 
it took to get results 
from this leading-edge process. 

by Mojy Chian, Richard Cliff, 
and Jeff Watt, Altera Corp 



Use analog switches 
to multiplex your 
signals 

f \ Pay careful attention 
J V-^Jto analog switches and 
^— \J multiplexers, which are 
critical components of the signal 
path. Designers should under- 
stand the applications and specifi- 
cations of these important analog 
parts. 

by Paul Rako, Technical Editor 



The megapixel race: 
a chip designer's 
point of view 

As CMOS image sen- 
sors have migrated 
from low-end applica- 
tions to multimegapixel cameras, 
emphasis has shifted from inte- 
grating digital circuits to the fun- 
damental design of the pixel itself. 
by Assaf Lahav and Amos 
Fenigstein, Tower Semiconductor 



57 



DESIG 



IDEAS 





Precision temperature controller has thermal-gradient compensation 
Programmable current source requires no power supply 
Pulse-width modulator has digital control 
Microcontroller controls analog phase shifter 
Composite instrumentation amplifier challenges single-chip device 
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WHAT DO WE HAVE TO DO, DRAW YOU A PICTURE? 

Only Actel gets you this close to zero. Any other claims of low power superiority are just that. According to their 
own data, Altera® and Xilinx®use between 10 and 1700 times the power of Actel IGLOO® FPGAs, depending on 
device and mode. Want specifics? Visit us to get the whole picture, including a video of actual measurements. 



^"more proof and pictures at actel.com/power 



JHctel 

POWER MATTERS 



contents 6 1 2 



pulse 




Dilbert 16 



Chip provides both signal isolation and 500 mW 
of regulated, isolated power 



15 AMD revamps server road map 



University working to create nanostructures to raise 
thin-film-solar-cell efficiency 



Tl addresses power-supply knowledge gap with 
purchase of reference-design company 

20 Power-management IC integrates seven 
programmable regulators 



20 Low-power environment targets chip design 



NASA supercomputer to get boost from Intel, SGI 



18 PIC architecture supports USB across 8-, 1 6- 
and 32-bit devices 



Voices: Synopsys' Aart de Geus on investing 
to win 
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Baker's Best: Analog filter eases 




delta-sigma-converter design 
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Prying Eyes: Low-cost snapshots: 




dismembering a diminutive digicam 
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Tales from the Cube: One giant leap 




for "enhanced" hybrid 



Motion: Motors, controller ICs, PLCopen-compliant 
software, and more 
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The ONLY New Catalog Every 90 Days 



Experience Mouser's time-to-market 
advantage with no minimums and same-day 
shipping of the newest products from more 
than 335 leading suppliers. 



MOUSER 

ELECTRONICS 



www.mouser.com 

Over 980,000 Products Online 



a tti company 

The Newest Products 

For Your Newest Designs 



(800) 346-6873 




online contents 



www.edn.com 



NEWS CENTER 



DESIGN CENTERS 



BUSINESS CENTERS 



PART SEARCH 




ONLINE ONLY 

Check out these Web-exclusive articles: 

Estimating junction temperature from 
top-surface temperature in power 
MOSFETs 

If you can determine the surface tempera- 
ture of a MOSFET package with a bench 
probe, you can get a good idea of the 
device's junction temperature. 
www.edn.com/article/CA6564269 

How to kill the home- 
networking industry 

The proposed IEEE P1901 powerline-net- 
working standard, with its mutually incom- 
patible PHY- and link-layer specifications, 
opens the door to a potentially disastrous 
result: standards-compliant products that 
are unable to interoperate. 
www.edn.com/08061 2toc1 



Finding, hiring, and keeping 
next-generation talent 

In the all-too-near future, tech and telecom 
companies may find their toughest compe- 
titions aren't for customers or patent rights 
on the latest and greatest innovations. 
www.edn.com/article/CA65621 80 



READERS' CHOICE 

A selection of recent articles receiving 
high traffic on www.edn.com. 



The Tesla Roadster: Sporty and electric: 

A modern electric sports car presents 
a unique design challenge. 
www.edn.com/article/CA6558506 



Buck-boost converters change 
with the times 

Buck-boost converters provide voltages 
both above and below the input voltage. 
This feature is useful if your design's input 
voltage changes drastically or if its load 
voltage varies. 

www.edn.com/article/CA6553622 



Solid-state cooling device harnesses 
corona discharge 

Thorrn Micro Technologies has demonstrat- 
ed a small, silent, no-moving-parts cooling 
device that generates more airflow than 
mechanical fans four times its size while 
consuming less power and space. 
www.edn.com/article/CA6553636 




PRYING EYES 

An inside look at design decisions 

In Prying Eyes, we peer inside an end-user 
gadget, a reference design, or any other in- 
teresting electronics-enabled thing we can 
get a good look at. Unlike your average bill- 
of-materials teardown, Prying Eyes aims to 
illuminate the tough design decisions the 
engineers responsible for the design had 
to make. Check out this issue's installment 
on pg 26 and then visit the complete online 
Prying Eyes archive. 
www.edn.com/pryingeyes 

FROM EDN'S BLOG 

PC support: For want of a simple 
sticker, the profit was lost 

From Brian 's Brain, by Brian Dipert 
Can you guess what 
perfectly understandable 
and (I suspect) common 
hookup snafu Lisa had 
made? She mated the 
display to the integrated 
graphics connector, not to the output 
of the stand-alone graphics card. 
www.edn.com/080612toc7 




DEV-monkey 




A new online community featuring development kits, ratings, reviews, news, 
poll, hands-on videos, and a bunch more resources for design engineers. 

June: "2-Minute Review" Series: The DEV-monkey Lab reviews the Microchip 
PIC32 Starter Kit with PIC32MX360F512L MCU. Log on to read the written 
review, watch the video and provide your feedback. 

www. D E V- m o n key. co m 

Sponsored by: 



Electronics Design, Strategy. News 



ElectronicsWeekly 



edn <sm 
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E D N . C O M M E N T 




BY PAUL RAKO, TECHNICAL EDITOR 



Fear of feature- it is 



I recently bought an Olympus DS-30 digital- voice recorder that comes 
with an 86-page manual, a typical example of "feature- itis" — a be- 
wildering array of too many useless features. Consumer-electronics 
manufacturers believe that feature- itis makes their products more 
desirable, and some of the features of the DS-30 are in fact desir- 
able. For example, it operates from two AA batteries. The last thing 
I want is some product that I would have to plug into a USB port for an 
hour to use. 



Looking at all the switches and but- 
tons on the recorder only intensified 
my regret at seeing the manual fall out 
of the box. The recorder has three po- 
sitions for microphone sensitivity. It 
has a power switch and a hold switch. 
It has play, stop, and record switches. 
It has an erase button. It has three soft- 
ware-defined buttons under the LCD. 
It has five more buttons in a circular- 
navigation array. OK, here is what I 
wanted: one toggle switch. When the 
switch is up, the recorder is on. When 
the switch is down, the recorder is off. 

These days, modern consumer- elec- 
tronics devices must be little com- 
puters. They have to boot up. And 
the tiny LCD must show all the fold- 
ers in which I could file my record- 
ings. The designers and marketers at 
Olympus apparently think that I want 
to spend my time arranging files into 
folders with five little buttons and a 1- 
in. LCD screen. On the contrary, I am 
not going to store my precious record- 
ings on a little gizmo the size of a cou- 
ple of matchbooks. The Olympus de- 
signers apparently forgot that I could 
lose this recorder, or someone could 
steal it. 



Maybe teenagers 
like these little 
gizmos with a 
zillion functions, 
but I need a tool, 
not a toy. 

The real-use scenario is that, 20 
minutes after I make a recording, I 
put it on my workstation, and a few 
minutes later, I back up those files on 
a second machine and a USB drive. 
Later in the week, I swap that USB 
drive with one in my safe-deposit box. 
I do any file arranging on my dual Dell 
24-in. monitors using a 104-key key- 
board and a three-button mouse with 
a scroll wheel. 

Maybe teenagers like these little 
gizmos with a zillion functions, but I 
need a tool, not a toy. 

I needed the recorder for an inter- 
view with frequent EDN contributor 
Jim Williams, staff scientist at Linear 
Technology, and I bought the device 
on my way to see him. I had no time 
to research the purchase. Once I had 



the time, I looked at comments about 
the recorder on the Internet, and I 
saw that, with all these features, the 
D-30 still lacked the one thing that 
might be useful: the ability to rewind 
for a few seconds and then rerecord, 
meaning that you can't use it to dic- 
tate letters or articles, as you could 
with any Dictaphone that debuted 
since 1959. 

Giant manuals and tons of useless 
features bring to mind the old Logi- 
tech-mouse days. All we wanted back 
then was a pointing device. Logi- 
tech came with a big manual and all 
kinds of software, some of which was 
evil TSR (terminate-and-stay-resi- 
dent) programs that ate up memory 
and caused a host of incompatibilities 
and problems. You see, Logitech had 
a big department for designing mice, 
and that team was going to keep add- 
ing features that nobody wanted. 

Here's another example of feature- 
itis: I recently needed a stud sensor 
to help me mount a whiteboard on a 
wall. I borrowed a simple Zircon mod- 
el from a friend. It had one LED that 
turned on when you slid it past a stud. 
I was so impressed that I went out and 
bough a Zircon of my own. The store 
didn't have the basic $8 model, so I 
bought the full-featured $29 model. 
It was supposed to do "deep sensing" 
and find wires in walls. It came with a 
CD instruction manual. But it didn't 
work. It had 10 flashing LEDs, but it 
could not reliably find the stud like 
the sister product that cost approxi- 
mately $20 less. It looked to me like 
a clear case of feature-itis, so I took it 
back and found the $8 one at anoth- 
er store. EDN 

Contact me at paul.rako@edn.com. 
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and click on Feedback Loop to post 
a comment on this column. 
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Think of them as 
chip inductors on steroids 



We've really pumped up the performance of our 
new 0402HP and 0603HP chip inductors. 

They can handle twice the current of their 
nearest competitor. With a third less DCR and 
much higher Q factors. 

Use them in PAs, filters or antenna match- 
ing applications,- anywhere you need maximum 
current, high Q and minimum loss. Not only are 
they drop-in replacements for our popular CS se- 
ries, we've actually kept the cost the same. 

Enhance the performance of your own prod- 
ucts by specifying Coilcraft HP inductors. For 
free samples visit www.coilcraft.com/hp 




30 % 


■ 


LOWER 




DCR 


P 



• I 

1? ^ m 



Compared to their closest competitors, our new 0402HP and 0603HP 
families offer significant performance advantages. 
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www.coilcraft.com 800/322-2645 



Driving To New Frontiers... 

Micrel's Ultra High-Speed MOSFET Drivers 



6A, 10ns Rise/Fall Times, Ultra High-Speed MOSFET Drivers 



MOSFET Driver wftft 6,2V Programmed UVLO 




THE MIC44F18, MIC44F19 and MIC44F20 are 

high-speed MOSFET drivers capable of sinking and sourcing 6A for 
driving capacitive loads. With delay times of less than 1 5ns and rise 
times into a 1000pf load of 10ns, these MOSFET drivers are ideal for 
driving large gate charge MOSFETs in power supply applications. 

For more information, contact your local Micrel sales representa- 
tive or visit us at www.micrel.com/ad/mic44f1 8_1 9_20. 
Literature 1 (408) 435-2452 Information 1 (408) 944-0800 



MIC44F18 


Non-Inverting 


MIC44F19 


Inverting Output High When Disabled 


MIC44F20 


Inverting Output Low When Disabled 



Good Stuff: 

♦ 6A driving capability 

♦ 10ns rise/fall time into 1000pf load, 15ns propagation delay 

♦ 4.5-13. 2V input voltage range 

♦ Programmable UVLO/Precision enable 

♦ Thermally enhanced packages: 
- MLF™-8 (2 x 2mm)/MS0P-8 

♦ Latch-up protection to >500ma reverse current on output pin 

Applications: 

♦ Switch-mode power supplies 

♦ Secondary side synchronous rectification 

♦ Relay and solenoid driver 



© 2008 Micrel, Inc. All rights reserved. Micrel is a registered trademarks of Micrel, Inc. 
MLF is a registered trademark of Amkor Technologies. 



imCREL 

InnovaNon Through Technology™ 

www.micrel.com 
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PIG 



Over 
2500 Std. Models 
Surface Mount and Thru-Hole 

DC-DC Converters 

3.3 to 10,000 VDC Outputs 

Low Profile / Isolated 
Up to 10,000 Volts Standard 
Regulated Models Available 




High 
Power 



Up to 350 VDC Outputs 

(Units up to 150 Watts) 
Regulated I Wide Input Range 
Isolated Outputs 




INDUSTRIAL • COTS • MILITARY 
Delivery Stock to ONE WEEK 

PICO ELECTRONICS, Inc. 

143 Sparks Ave., Pelham, New York 10803 
See EEM or send direct for Free PICO Catalog 
Call Toll Free 800-431-1064 • FAX 914-738-8225 
E Mail: info@picoelectronics.com 



Reed Electronics Group 
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Intersil offers a wide portfolio of High Speed 
Analog, including the industry's first Triple 
1GHz Current Feedback Op Amp. 



High Speed Analog: 

^ Op Amps 

^ Comparators 

— Differential Drivers 

— Receivers 
^ Pin Drivers 



— AID Converters 

— D/A Converters 

— High Speed Serial Comm 
~~ Clock Generation/Synthesis 

— RF Products 




Go to www.intersil.com for samples, datasheets and support 



EL5367 



World's Fastest and Only Triple 1GHz Current 
Feedback Amplifier 

Handles ultra-high resolution video with room to spare. 
1 GHz gain of 1 bandwidth and 800MHz gain of 2 
bandwidth into a 150Qload. 6000V/ps typical slew rate. 



EL5167 



World's Fastest Amplifier in Tiny SC-70 Package 

Get blazing speed and reduce board size. We've packed 
1 .4MHz performance in an SC-70 package. This is the 
smallest and fastest amp with just 9mA power consumption. 



EL5104 



Get Current Feedback Performance with Voltage 
Feedback Control 

Intersil has eliminated the nasty tradeoff between ease of 
use, DC accuracy and pure speed. Get up to and above 
700MHz with virtually unlimited slew rate, almost zero 
overshoot, and low power consumption. 



intef sil 

HIGH PERFORMANCE ANALOG 



Intersil - Amplify your performance with advanced signal processing. 

©2007 Intersil Americas Inc. All rights reserved. The following are trademarks or services marks owned by Intersil Corporation 
or one of its subsidiaries, and may be registered in the USA and/or other countries: Intersil (and design) and i (and design). 
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INNOVATIONS & INNOVATORS 



Chip provides both signal isolation and 
500 mW of regulated, isolated power 



The first members of Analog Devices' 
isoPower family, ADuM524x, were novel 
in that they combined signal and power 
isolation on the same chip. However, the 524x 
products addressed only those applications 
needing 10 mW or less power and efficiency 
of only 10%. The new isoPower family mem- 
bers, the ADuM540x series, overcome those 
limitations and target mainstream applications, 
such as sensor interfaces. The devices up the 
power to 500 mW and the power efficiency 
to 33%. At first glance, this efficiency may 
seem low. However, sensors require low cur- 
rent levels, and most discrete dc/dc-converter 
ICs are less-efficient conversion components 
at low power levels. The company claims that, 
for a 20-mA current draw, the 540x requires 
220 mW-less than half the 490-mW require- 
ment for an optocoupler isolator with a discrete 
dc/dc converter. 

The chips achieve their efficiency by using a 
larger iCoupler-technology planar transformer, 
by reducing the rectification losses, and by 




New members of the isoPower-chip family 
provide signal isolation for as many as four 
channels at 25 Mbps and as much as 500 
mW of isolated power. 

adding a feedback loop so that the oscillator 
at the transformer's input automatically adjusts 
to the load. The devices can provide as much 
as 1 00 mA at either 5 or 3.3V. 

The ADuM540x family of $5 (1000), four- 
channel digital isolators operate at a data rate 
as high as 25 Mbps and come in 1 6-lead, wide- 
body SOIC packages.-by Margery Conner 

Analog Devices, www.analog.com. 



EB FEEDBACK LOOP 
"Hold on a sec. 
Am I reading the 
article correctly? 
With other than a 
resistive (or other 
'proper 9 ) load, 
are we actually 
getting more use- 
ful power than we 
are paying for? Is 
there a way to do 
this with gas and 
water also? Hey, I 
want to be green 
... in my wallet!" 

—EDN reader Jim in Feedback 
Loop at www.edn.com/article/ 
CA6544740. Add your com- 
ments. 



AMD revamps server road map 

Following feedback from OEMs, microprocessor maker AMD 
(Advanced Micro Devices) recently updated its server road map 
to "strengthen its alignment with end-customer priorities" by 
addressing platform longevity, performance per watt, and virtual- 
ization features, according to Randy Allen, AMD's corporate vice 
president and general manager for servers and workstations. The 
new Shanghai server chip is on track to begin production in the 
second half of this year and will include coherent HyperTransport 
3.0 for processor-to-processor communication, an increased 
shared Level 3 cache of 6 Mbytes instead of 2 Mbytes, and core 
and instruction-per-clock enhancements. 

New to its server lineup is the six-core server-processor 
Istanbul, which will be available in the second half of 2009, 



aimed at allowing OEMs to preserve platform investments and 
increase system performance per watt. Istanbul uses AMD's 
direct-connect architecture, which alleviates system-commu- 
nication bottlenecks. According to Allen, the company also 
expects in 201 to introduce a third-generation Opteron Socket 
G34 platform that will contain DDR3-memory capabilities and 
the AMD RD890 chip set for noncoherent HyperTransport 3.0. 
AMD plans a six-core server process, code-named Sao Paolo, 
for the first half of 201 0. It also will incorporate DDR3 memory 
and HyperTransport 3.0. A 1 2-core version, code-named Magny 
Cours, will contain the same features. 

-by Ann Stefora Mutschler 
Advanced Micro Devices, www.amd.com. 
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NASA SUPER- 
COMPUTER 
TO GET BOOST 
FROM INTEL, SGI 

Intel, SGI, and the National 
Aeronautics and Space 
Administration have an- 
nounced a project that 
aims to produce a dra- 
matic increase in the space 
agency's supercomputing 
capacity. The Pleiades 
project, using SGI systems 
based on multicore Intel 
processors, will deliver a 
computational system with 
a capacity of 1 petaflops 
(1015 floating-point opera- 
tions per second) by 2009 
and then increase that 
figure to 10 petaflops by 
2012, according to NASA. 
That initial milestone 
would represent a 16-fold 
improvement over the 
agency's current top-dog 
supercomputer, Columbia. 
That 1 0,240-processor sys- 
tem offers 88 teraflops of 
peak performance. 

Like Columbia, the 
systems will reside at the 
NAS (NASA Advanced 
Supercomputing) facility. 
Applications will include 
modeling and simula- 
tions for space-vehicle 
design and climate mod- 
eling. "Achieving such 
a monumental increase 
in performance will help 
fulfill NASA's increas- 
ing need for additional 
computing capacity and 
... the computational per- 
formance and capacity for 
future missions," says S 
Pete Worden, director of 
the NASA Ames Research 
Center.-by Matthew Miller 

NASA, www.nasa.gov. 

Intel, www.intel.com. 

SGI, www.sgi.com. 



University working to create nanostructures 
to raise thin-film-solar-cell efficiency 



Researchers at UCSD 
(University of Califor- 
nia-San Diego) are 
working to create thin-film, 
single-junction solar cells with 
45% sunlight-to-electricity- 
conversion efficiencies by us- 
ing nanostructures that scat- 
ter and channel light UCSD 
recently received a big fund- 
ing boost from the US DOE 
(Department of Energy) Solar 
America program for this work. 

In November 2007, Edward 
Yu led a team of electrical en- 
gineers who won an $885,000 
grant from the US DOE to fur- 
ther develop their thin-film and 
nanowire-solar-cell devices 
that incorporate nanostruc- 
tures, including semiconduc- 
tor quantum wells and pho- 
ton-scattering nanoparticles. 
These devices should lead to 
big gains in thin-film-solar-cell 
efficiency by increasing both 
the number of photons thin- 
film solar cells absorb and the 
number of excited electrons 
the same devices collect. Ac- 
cording to Yu, the most recent 
estimate of the maximum pow- 
er-conversion efficiency-un- 
der normal illumination condi- 
tions— that one can expect with 
this approach is approximately 
45%, a large improvement over 
the 31% maximum theoretical 
efficiency for today's solar cells 
with classic PN junctions. 



From the outside, the op- 
timized devices behave just 
like traditional thin-film solar 
cells. On the inside, however, 
the nanostructures enable the 
solar cells to circumvent an im- 
portant trade-off that has sty- 
mied past attempts to incorpo- 
rate quantum wells into thin- 
film solar cells to boost device 
efficiency. Quantum wells can 
increase solar-cell efficiency 
by raising photon absorption by 
lowering the energy-band gap. 

In the past, engineers have 
tried to add quantum wells to 
thin-film-solar-cell devices by 
stacking several quantum-well 
layers to achieve a high prob- 
ability of absorption of low-en- 
ergy photons. This approach, 
however, can be counterpro- 
ductive because electron-hole 
pairs get stuck in the quantum 
wells, making it impossible for 
them to generate current for 
the device. 

The UCSD engineers are 
using nanoparticles to scatter 
incoming light into paths within 
the quantum-well region. These 
paths run parallel to the PN 
junction, which gives photons 
more time to be absorbed with- 
out having to stack the quantum 
wells to a thickness that makes 
it hard for electrons and holes 
to escape. "Our devices have a 
much thinner stack of quantum 
wells, which means the extra 



SThe UCSD 
engineers 
are using 
nanoparticles 
to scatter in- 
coming light 
into paths with- 
in the quan- 
tum-well region. 

photons that are absorbed are 
much more likely to make it out 
of the quantum wells and gen- 
erate current. This [process] 
enables high photon-absorp- 
tion efficiency, high electron- 
and hole-collection efficiency, 
and, therefore, also high volt- 
age to be achieved simultane- 
ously," says Yu. 

Further, in this approach, the 
photons have a long path along 
the quantum wells, and the car- 
riers have a short path to the 
electrode that maximizes pho- 
ton absorption and minimizes a 
major drain on device efficien- 
cy in solar cells— electron-hole 
recombination. "We have al- 
ready demonstrated the basic 
concepts in thin-film devices. I 
think it will take a few years to 
see how far this approach can 
be pushed to achieve really 
high efficiency," Yu concludes, 
-by Ann Steffora Mutschler 
UCSD, www.ucsd.edu. 
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Ultimate Performance ADCs 

High Speed and Resolution with Buffered Inputs 

High-Performance Analog»Your Way™ 
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Tl's portfolio of small-form factor, high impedance input, bipolar junction transistor ADCs deliver the highest 
speed, resolution, dynamic performance and widest operational envelope in the industry. Whether you're designing 
for wideband communications, advanced avionics or test & measurement, Tl provides your design with the 
performance characteristics required to win in the marketplace. That's High-Performance Analog» Your Way™. 



Device 


Description 


ADS5483 


16-bit, 135-MSPS ADC with high SNR, SFDR and SINAD up to 1 30-MHz input frequency, with 77.8 SINAD at 30 MHz and 
77.4 SINAD at 70 MHz IF. Available in a 9 mm x 9 mm QFN package. Pin-compatible with ADS5482 and ADS5481 . 


ADS5474 


14-bit, 400-MSPS ADC provides typical SNR above 70 dBFS and SFDR greater than 80 dBc for input frequencies from DC to 200 MHz. 
Available in a 1 4 mm x 1 4 mm HTQFP package. Pin-compatible with ADS5463, ADS5444 and ADS5440. 


ADS5433 


14-bit, 80-MSPS ADC optimized for spurious-free dynamic range with 91 -dBc SFDR guaranteed for a 30-MHz input across the 
l-temp range H0°C to 85°C). Available in a 1 2 mm x 1 2 mm QFP package. Pin-compatible with ADS5423, ADS5424 and AD6644/45. 


ADS5463 


12-bit, 500-MSPS ADC offers high SNR and linearity with 10 EN0B through second Nyquist. Ideal for wide bandwidth, under 
sampling applications. Available in a 14 mm x 14 mm HTQFP package. Pin-compatible with ADS5474, ADS5444 and ADS5440. 



www.ti.com/ads5474 1 .800.477.8924 ext. 14453 

Get samples and evaluation modules 



J/l Texas 

Instruments 



High-Performance Analog » Your Way and the platform bar are trademarks of Texas Instruments. 2097 AO © 200811 
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PIC architecture supports USB 
across 8-, 1 6-, and 32-bit devices 



M! 



icrochip's USB-mi- 
crocontroller support 
I now spans 8-, 1 6-, 
and 32-bit PIC devices. New 
USB-device families include 
the 8-bit PIC18F13K50 and 
PIC18F14K50, the 16-bit 
PIC24F, and the 32-bit PIC32. 
The free MPlab integrated de- 
velopment environment from 
Microchip supports software 
development for these micro- 
controllers and includes free 
USB-software stacks and 
USB-class drivers that devel- 
opers can use with the micro- 
controllers. The USB-host- 
stack, device-stack, and class 
drivers are available as full 
source code as a download 
from Microchip. The embedded 
USB-host stack consumes ap- 
proximately 25 kbytes of mem- 
ory on the PIC24 and PIC32 
devices when using MIPS16e 
instructions. When using 32- 
bit instructions, the embedded 
USB-host stack consumes 




PIC microcontrollers support USB across the 8-, 1 6-, and 32-bit 
processor families. 



approximately 35 kbytes of 
memory. 

Devices within each family 
are available for sampling now. 
The 8-bit PIC18F1XK50 mi- 
crocontrollers include serial- 
communications interfaces, 
such as USB 2.0, l 2 C (interinte- 
grated-circuit), SPI (serial-pe- 



ripheral interface), and USART 
(universal synchronous/asyn- 
chronous receiver/transmit- 
ter). The PIC18F13K50 mi- 
crocontrollers are available 
for $1.32 (10,000) in 20- 
pin SSOP, SOIC, PDIP, and 
5x5-mm OFN packages; 
the PIC18F14K50 microcon- 



trollers are available for $1 .46 
(10,000). The PIC24F USB 
microcontroller family sup- 
ports a 2.6-|jlA standby cur- 
rent in a device that supports 
as much as 256 kbytes of 
flash and 1 6 kbytes of RAM. 
The PIC24FJ256GB1 fam- 
ily includes 12 devices in 64-, 
80-, or 100-pin TOFP pack- 
ages with prices starting at 
$3.47 (10,000). The PIC32 
microcontroller family inte- 
grates USB 2.0 OTG (On-The- 
Go) support and maintains 
pin, peripheral, and software 
compatibility with Microchip's 
16-bit microcontroller fami- 
lies. These devices support a 
maximum operating frequency 
of 80 MHz, and they include 
as much as 512 kbytes of 
flash and 32 kbytes of RAM 
along with the USB OTG sup- 
port. The USB OTG PIC32 
family member, the PIC- 
32MX420F032H-40I/PT, is 
available in a 64-pin TQFP for 
$3.25(10,000). 

-by Robert Cravotta 
Microchip, www.microchip. 
com. 



Tl ADDRESSES POWER-SUPPLY KNOWLEDGE GAP 
WITH PURCHASE OF REFERENCE-DESIGN COMPANY 



The need to incorporate sophisti- 
cated power supplies into electronic 
systems has in recent years chal- 
lenged designers. Just five years 
ago, digital-electronics-application 
designers could concentrate on their 
digital-hardware specialty along 
with the software to run it, and that 
focus took care of 99% of the design 
challenges for a new electronics 
product. A cheap, low-efficiency ex- 
ternal adapter or perhaps similarly 
inefficient internal linear-power 
supply handled power. Energy was 
cheap, and neither consumers nor 
government regulators cared about 
wasted energy. 

Those days are gone. The Energy 
Independence and Security Act of 
2007 mandates a federal standard 



for external power supplies, and this 
year, the US Department of Energy's 
Energy Star label, a voluntary certifi- 
cation, established minimum power- 
efficiency and power-factor compli- 
ance for most power supplies. 

Design teams must now develop 
design expertise in arcane special- 
ties of power-supply efficiency and 
power-factor correction. Analog IC 
vendors, such as Maxim (www. 
maxim-ic.com), Power Integrations 
(www.powerint.com), and Linear 
Technology (www.linear.com), have 
introduced many ICs that address 
just these problems, but designers 
must select these ICs to match the 
application and match them with 
magnetics, heat sinks, and EMI 
(electrom ag net ic- i nterf erence) fi Iters. 



Texas Instruments is also ad- 
dressing these problems. With 
its recent purchase of Commergy 
Technologies, a power-supply- 
reference-design company, Tl is 
recognizing that its value added 
in the power-supply market must 
address the knowledge gap in 
the electronics-design world. 
Commergy's expertise in creating 
these reference designs includes 
planar magnetics, power-factor 
correction, power-topology design, 
thermal management, and EMC 
(electromagnetic-compatibility) 
design. In short, Tl has purchased 
an integrated outsourcing path for 
its customers' power-subsystem 
designs.-by Margery Conner 

Texas Instruments, www.ti.com. 
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Industry- Leading Voltage-Level 

Translation ICs 



High-Performance Analog»Your Way T 



Auto-Direction-Sensing Translators 

VccA VccB 

A , , !_ 



Application-Specific Translators (Memory Card Interface) 
VccA VccB 

A , , ±_ 





TXB010X 



AVCA406L 



Auto-Direction-Sensing Translators 
for Open-Drain Applications 

VccA VccB 

A , , L 





Dual-Supply-Configurable Translators 

VccA VccB 

A , . i. 




TXS010x/E 



AVCxT245 



Tl Has the Translation Device for You. 

Texas Instruments offers a wide-ranging selection of voltage-level translation devices from auto-direction- 
sensing and dual-supply-configurable devices to application-specific memory card interface translators. When 
mixed-voltage issues become a concern in your design, Tl has the translation device that fits your requirements. 

Device 



Bit Width VccA(V) 



T 



ESD Protection 



Smallest Package 



Auto-Direction Sensing Translators* 



TXS0102 


2 


1.2 to 3.6 


1 .65 to 5.5 


8-kV HBM 


8-bumpWCSP 


TXS0104E 


4 


1.2 to 3.6 


1.65 to 5.5 


15-kVHBM 


12-bumpWCSP 


TXB0104 


4 


1.2 to 3.6 


1.65 to 5.5 


15-kVHBM 


12-bumpWCSP 


TXB0108 


8 


1.2 to 3.6 


1.65 to 5.5 


15-kVHBM 


20-ball BGA 



Application-Specific Translators (Memory Card Interface) 



AVCA406 




1.4 to 3.6 


1.4 to 3.6 


1 5-kV Air Gap Discharge (IEC) 


48-ball VFBGA 


AVCA406E 




1.2 to 3.6 


1.2 to 3.6 


15-kV Air Gap Discharge (IEC) 


20-ball VFBGA 


AVCA406L 




1.2 to 3.6 


1.2 to 3.6 


6-kV HBM 


20-ball VFBGA 


CF4320H 




1.65 to 3.3 


3.6 to 5.5 


15-kVHBM 


114-ball LFBGA 



SN74AVC1T45 


1 


1.2 to 3.6 


1.2 to 3.6 


2-kV HBM 


6-bumpWCSP 


SN74AVC2T45 


2 


1.2 to 3.6 


1.2 to 3.6 


8-kV HBM 


8-bumpWCSP 


SN74AVC8T245 


8 


1.2 to 3.6 


1.2 to 3.6 


8-kV HBM 


24-pin QFN 


SN74AVC16T245 


16 


1.2 to 3.6 


1.2 to 3.6 


8-kV HBM 


56-ball VFBGA 


SN74AVC32T245 


32 


1.2 to 3.6 


1.2 to 3.6 


8-kV HBM 


96-ball LFBGA 



f Other bit- width options available, f Bus Hold feature available. 



Translation Device Selection Tool 



Choose your voltage requirements below 
to select the best translation device: 



V|N 



v OUT 



Translate From y] | Translate To y] 
O Uni-directional O r 



' Bi-directional 



www.ti.com/trans1 1.800.477.8924 ext. 365 

- Finding the right Translation Solution is Easy with Tl's Translation Selection Tool 



^Jtfl Texas 

Instruments 



High-Performance Analog » Your Way and the platform bar are trademarks of Texas Instruments. 21 10A0 © 200811 



LOW-POWER 
ENVIRONMENT 
TARGETS CHIP 
DESIGN 

Further backing its sup- 
port for the UPF (Unified 
Power Format) for ex- 
change of power-related 
design data between 
EDA-chip-design tools, 
Synopsys has assembled 
a comprehensive array 
of tools for achieving 
power-related design 
objectives. The Eclypse 
tools span system-level, 
verification, implemen- 
tation, sign-off, and IP 
(intellectual-property) 
methodologies and ser- 
vices for low-power-chip 
development. 

Synopsys will host a 
series of low- power-de- 
sign seminars as part of 
its promotion of the con- 
cept. Using the tools, the 
company says, you will be 
able to apply techniques 
such as multithreshold- 
CMOS-power gating and 
multivoltage and dynam- 
ic-voltage and frequency 
scaling in a less time-con- 
suming manner, requiring 
less manual verification. 

The company based the 
suite on the Low-Power 
Design Methodology 
Manual, which Synopsys 
and ARM (www.arm. 
com) co-authored; the 
approach also extends 
to the Innovator environ- 
ment for embedded- 
software design. In that 
context, you can run soft- 
ware on a virtual platform 
using fast models of pro- 
cessors and IP blocks. 

—by Graham Prophet 

Synopsys, www. 
synopsys.com. 
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Power-management IC integrates 
seven programmable regulators 



Summit Microelectronics' 
new SMB1 1 9 power- 
management IC pro- 
vides all the power rails needed 
for a modern handheld prod- 
uct. The part integrates three 
synchronous buck regulators, 
two boost converters, one 
configurable buck-boost con- 
verter, and one low-dropout 
linear regulator. Input voltage is 
2.7 to 6V. The device can oper- 
ate at 95% efficiency and has 
a standby current of 0.1 |±A. 

The switching regulators 
have a PWM (pulse-width- 
modulation)-override mode to 
reduce EMI (electromagnetic 
interference). The IC also pro- 
vides power supervision to 
monitor overvoltage or under- 
voltage conditions. It commu- 
nicates with the system pro- 
cessor over an SMB (system- 
management bus) or an l 2 C 
(interintegrated-circuit) bus. 
The SMB119 targets appli- 



cations in portable consumer 
electronics, such as digital still 
cameras, digital camcorders, 
MP3 and MPEG-4 portable 
media players, GPS (global- 
positioning-system) termi- 
nals, portable medical equip- 
ment, personal digital assis- 
tants, and the next genera- 
tion of mobile smartphones. 

The evaluation board works 
through a USB port with 
Summit's Windows-based 
GUI (graphical user interface) 
that allows designers to set 
up regulators and supervision 
parameters and then program 
them into nonvolatile mem- 
ory. Once designers define 
the part's functions, they can 
extract a hex file from the 
evaluation board that will allow 
Summit to provide the part in 
volume quantities. You can 
download the design-kit soft- 
ware from Summit's Web site. 

The device comes in a to 



SA Windows- 
based GUI 
allows design- 
ers to set up 
regulators and 
then program 
them into 
nonvolatile 
memory. 

70°C or -40 to +85°C oper- 
ating range and in a 7x7-mm, 
48-pad QFN package with 
a suggested retail price of 
$3.74 (10,000). Samples and 
evaluation modules are avail- 
able. Volume production has 
just begun. An available ref- 
erence design incorporates 
the SMB1 19 along with an 
SM B 1 37 switch-mode charger. 

-by Paul Rako 
Summit Microelectronics, 
www.summitmicro.com. 



2.7VTO6V-DC 
INPUT VOLTAGE 



l 2 C/SMBUS 



SYSTEM ENABLE 



PUSHBUTTON POWER 



SHUTDOWN 



CONTROL INPUTS 



STATUS OUTPUTS 



SMB119 



SYSTEM 
CONTROL 
AND 
MONITORING 



LOW-DROPOUT 
REGULATOR 



TWO STEP-UP 
CHANNELS 



STEP-UP OR 
STEP-DOWN 
CHANNEL 



THREE 
STEP-DOWN 
CHANNELS 



1.5 to 3.75V 



V, N to 35V 



V IN to 35V 



0.5 to 35V 



0.5 to V, 



IN 



0.5 to V.k 



0.5 to V.k 



MICRO- 
CONTROLLER 
REAL-TIME CLOCK 



LED 
BACKLIGHT 



THIN-FILM- 
TRANSISTOR 
LCD BIAS 



MEMORY I/O 



CPU CORE 



DSP/CODEC 



ANALOG/RF 



The SMB1 19 power-management IC provides handheld-product designers seven voltage regula- 
tors as well as supervisory functions. 
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Our newest wireless infrastructure innovations 

■U| AD6655 IF Diversity Receiver 

Reduces cost of deployment to allow more base 
stations to improve network quality. 3G support allows 
increased capability for high data rate applications. 

Hm AD9230 Single, 1 2-Bit 250 MSPS ADC 

Better base station power efficiency using digital 
predistortion techniques reduces electricity demand 
and provides better spectrum purity. 

PHI AD9788 Dual, 1 6-Bit 800 MSPS Transmit DAC 

Simplifies transmit architecture by eliminating 
mixing stages and provides best ACLR for enhanced 
network performance. 

■m AD8375 and AD8376 Variable Gain Amplifiers 

These VGAs enable excellent dynamic range to 
capture faint transmitted signals in the presence 
of strong signals. 

■■I AD9549 and AD9516 Dual Input Network Clock 
Generator and Distribution Function 

Very low noise clock sources ensure best signal 
quality across multiple wireless platforms. 



Quality connections — in less space, using less 
power — that's why more base station engineers 
speak to Analog Devices 

As fast as wireless connectivity became pervasive, Analog Devices 
data converters became the preferred signal processing standard 
within base station designs. Today, that data conversion technology 
is just part of a growing family of analog, digital, RF, and mixed- 
signal solutions for flexible, software-based radio architectures 
that support wireless standards from GSM to WiMAX. ADI continues 
to leverage more than 40 years of signal processing innovation to 
reduce the size, cost, and power demands of base stations, 
while enabling increased data rates and delivering the calling 
experience wireless users prefer. And we offer the same 
application-tuned advantages for medical, industrial, consumer, 
and automotive designs. 

To experience what Analog Devices can do for wireless 
infrastructure and for other signal processing designs, call 
1-800-AnalogD or visit www.analog.com/basestation. 



analog is everywhere: 



www.analog.com/basestation 
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VOICES 

Synopsys' Aart de Geus 
on investing to win 

Aart de Geus, PhD, is chairman and chief executive officer 
of semiconductor-design and -manufacturing-software 
supplier Synopsys. He helped invent the Design Complier 
software tool and is a fellow at the IEEE. 




What are the biggest chal- 
lenges that your customers 
want you to solve? 

I like to use the term 
'techonomics' because 
there are technical challenges, 
and there are economic chal- 
lenges, but they are on an inter- 
section, which is: You can solve 
anything if you have infinite 
money, and, obviously, you don't. 
Our customers are rethink- 
ing everything they do right 
now around the notion of criti- 
cal mass, which is not infinite 
money, but sufficient money to 
solve the problems, including 
doing it with others. You want 
new technologies, you can't 
afford it yourself, and [deter- 
mining] who to team up with is a 
good example. You have issues 
in getting your design flow to 
end up with chips on schedule, 
so you'd better team up with 
somebody really proficient in 
the EDA category because all 
of these things interact. 

Also, the gluing together 
of Frankenstein flows is [not 
working]. Frankenstein has run 
out of runway! More indepen- 
dent, best-in-class tools give 
worst-in-class results. These 
[approaches] are all forms 
of establishing critical mass 
around your issue. If you look 
at what the issues are on the 
design, it is very, very clear that 
two or three stand out. One is 



the pairing of timing and power. 
Power is such a dominant issue, 
and there are some very cool 
escape values in terms of new 
architectures. But, fundamen- 
tally, it is a center of gravity. The 
second one is clearly everything 
that touches the word 'verifi- 
cation' because the verifica- 
tion problem is growing much 
more rapidly than Moore's Law 
for a variety of reasons. By the 
way, in verification, you have to 
throw in the embedded soft- 
ware because, ultimately, you 
have to understand about the 
physical aspects. 

On the economic side, it is so 
much a market of 'winner takes 
all.' Therefore, if you're not on 
a big win, do you really want 
to continue? You may be bet- 
ter off searching for the next 
big win. 

How is multicore impacting 
what customers want? 

There are two very dif- 
ferent angles to that 
[question]. One is multicore as 
a thing that influences how we 
write our software versus mul- 
ticore as what are the things 
[we need to do] in design. In 
the first case, last year, we 
delivered quite a number of 
tools that are multicore/multi- 
thread, and some problems are 
better suited to split up. But, in 
general, there's no question 



that there will be more com- 
putation capabilities on a vari- 
ety of multicore [products]— not 
necessarily heterogeneous 
ones-and that [trend] will con- 
tinue. There will be all kinds of 
transition questions . . . and the 
transition may not be as fast as 
the capability, but we are utterly 
on top of it. We have a center 
of excellence within Synopsys 
dedicated to m ulti-f i ll-i n-the 
blank techniques that helps all 
of our projects take advantage 
of this [ability]. We are engaged 
with the people providing the 
processors-Intel, AMD, or 
Nvidia— on what is coming. 

On the other side, our insight 
into people designing these 
things clearly is a whole new 
world that is appearing on one 
hand, but it's not coming from 
the silicon side. The silicon 
side is just more of the same; 
it's just a different architecture. 
It's got to be on the embedded 
software, so I'm very interested 
in what that [software] is and 
the verification that is related 
to that. 

Is the economic slowdown 
impacting Synopsys? 

RJI It's not an issue for us. 
But I do think it is an 
issue for a number of people 
because, whenever you have 
slowdowns or phase shifts in a 
market, it invariably means there 
are winners and losers. We've 
been predicting this [scenario] 
for quite a while on the very 
simple basis that, if you look at 
the economics of what's hap- 



pening in semiconductors, they 
have grown nonlinearly, and 
that [growth] means that the 
price to play is substantial. For 
example, if you want to develop 
the next technology node, a 
billion dollars is a good start- 
ing point. If you want to have a 
fab, $3 billion is a good starting 
point. If you want to build a chip, 
$10 million is a good starting 
point. You use those numbers, 
and you immediately conclude 
that not everybody can play. 
Now, that doesn't mean that 
there won't be a lot of eco- 
nomic activity; it means that 
the activity changes because, 
'hey, why don't you and I share 
a fab?' That's called a foundry in 
some ways. Why don't I, instead 
of using five suppliers of some- 
thing, get a much closer rela- 
tionship with one that can then 
grow and give me better results 
than my gluing it all together. 
When there is stress on a sys- 
tem, not everybody walks out 
equally happy, so the key is: 
Did one prepare and invest in 
the right aspects to be a winner 
under stress? 

What is your plan for invest- 
ing to win? 

We've invested for a 
■J number of years based 
on five tenets. The first is: Best- 
in-class products are neces- 
sary. Second, you need to have 
a complete offering because 
people are going to fewer sup- 
pliers. Third, the product needs 
to be integrated because prod- 
ucts are no longer independent. 
The fourth tenet is 'roots down' 
because, with smaller geom- 
etries, the amount of physical 
issues bubbling up through 
design for manufacture is 
huge. And the fifth tenet is 
'reach up' because more [func- 
tions are] embedded software, 
embedded intellectual-prop- 
erty blocks, and so forth, 
-by Ann Steffora Mutschler 
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Rarely Asked Questions 



A Capaciticectomy? Sounds Awfully Painful! 

Q. One of your high-speed triple amplifiers is oscillating. What's wrong with it? 

A. Well there are a variety of things 
that could be wrong with the "circuits," 
but most likely there nothing intrinsically 
wrong with the amplifier. With many high- 
performance amplifiers, however, you do 
need to pay close attention to layout and 
bypassing. If ignored, you and your circuit 
could feel a little ill. 

With wideband devices, you need to be 
careful and pay attention to the small 
details. In this case, it turned out that the 
oscillation experienced by the customer 
wasn't caused by the amplifier itself, but 
by poor layout. 




To be specific, the problem was parasitic 
capacitance at the inverting input of the 
amplifier to ground. Capacitance at the 
inverting input introduces a pole in the 
amplifier's loop response, lowering the 
amplifier's phase margin and causing insta- 
bility, peaking, and ringing. It doesn't take 
much capacitance 1 to cause an oscillation, 
and you can easily accumulate 2 to 3 pF of 
capacitance at the summing node (invert- 
ing input) if you're not paying attention to 
layout. I always advise customers to bread- 
board the circuit if possible, and to test the 
heck out it in the lab. A high-performance 
simulated design can be rendered useless 
if proper layout guidelines are not followed. 

The solution is a capaciticectomy (not really 
a word) — although it's quite difficult to 
remove parasitic capacitance after it has 
infiltrated your board. Therefore, in these 
cases, prevention is the best medicine. The 
capacitance is formed by the small mount- 
ing pads of the amplifier, gain setting and 
feedback resistor pads, board dielectric and 
the ground plane. We always recommend 
removing the ground plane from beneath 
the amplifier mounting pads and around 



the summing node where the feedback 
and gain set resistor pads are located. 
Doing so effectively removes the bot- 
tom plate of the parasitic capacitor and 
therefore eliminates the capacitance. This 
applies equally to the output, as parasitic 
capacitance at the output can also cause 
similar problems. 

As with humans, a little preventative medi- 
cine goes a long way. Paying attention to 
board layout issues at the onset of your 
design, will keep you and your circuit in 
tip-top shape! 

Keep an eye out for our New and Improved 
webinar this October, "A Practical Guide to 
High-Speed Printed-Circuit-Board Layout." 

1 Some customers ask how much capacitance is enough 
to cause a circuit to oscillate. I sometimes tell them a 
1000pF is enough. Confused looks abound and I explain 
to them that if 1pF = a puff, then a WOOpF = 1 nF, then 
it stands to reason 1 nF = a nuff and a nuff is enough! 



To Learn More About 
Board Layout 

Go to: http://rbi.ims.ca/5713-101 
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BY BONNIE BAKER 



Analog filter eases 
delta-sigma-converter design 

elta-sigma converters with sine (sinx/x) digital filters 
change the signal chain's complex antialiasing-filter re- 
quirements to a simple, first-order, passive filter. With 
this "easy-to-design" circuit, you can tackle the major 
noise contributors around the delta-sigma modulator's 
sampling frequency. The converter's characteristics that 
you use in this filter design are the modulator-sampling rate, F § , and 
output-data rate, F D . 




The frequency response of a sine 
digital filter looks like a comb (Fig^ 
ure 1 ). The frequency of the first null 
in this figure is equal to the F D of the 
converter. If you look at the frequen- 
cy response of a sine filter up to the 
modulator's sampling rate, you can 
see that the sampling frequency is 
much faster than the converter's out- 
put-data rate. 

Because a delta-sigma converter is 



a sampling system, all noise and sig- 
nals above one-half of the F g alias 
back. The sine digital filter rejects 
noise over a wide frequency band, but 
it does not reject system noise around 
the F s . The amplitude of the noise 
and signals hovering around the sam- 
pling frequency is small, but noise is 
a reality. The lower bits may fluctu- 
ate because you have a high-resolu- 
tion converter. 



POTENTIAL NOISY 
FREQUENCIES 




FREQUENCY (Hz) 



Figure 1 The sinc-digital-f ilter response is compressed near Hz, and the convert- 
er's sampling frequency mirrors and duplicates that response. 
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DELTA-SIGMA 
ADC WITH 
SINC FILTER 



Figure 2 This filter has two equivalent 
resistors and a capacitor. 



The corner frequency of your analog 
filter is equal to the output-data rate, 
or F D . Fortunately, this filter has a low- 
order function, and the appropriate 
choice is a simple RC filter. If your sys- 
tem has a lot of noise or signals around 
the region of F s or if the decimation 
ratio is less than 100, consider using a 
second-order, lowpass filter. 

Place the analog antialiasing fil- 
ter before the input of the convert- 
er. Figure 2 shows the best option 
for this passive, lowpass filter for a 
single-channel device, where F=l/ 



(2ttR flt XC flt/ 



). Because the lowpass 
filter is a simple RC pair, the values 
of the filter's resistors (R FLT /2) are easy 
to choose as long as the resistor noise 
from dc to the filter's corner frequen- 
cy is less than one-third of the noise 
that the delta-sigma converter gener- 
ates. The value of the capacitor (C pLT ) 
should be at least 20 times higher than 
the input capacitance of the convert- 
er. It can be as high as you want, as 
long as you keep in mind that your fil- 
ter's corner frequency is equal to or 
greater than the converter's output- 
data rate. 

If you have extraneous noise in 
your system, you will be pleased with 
the results of using this antialiasing 
filter. You may not find noise in your 
lab conversions, but make sure you 
anticipate the location of your system. 
In the field, extraneous and noisy sig- 
nals may very well just creep into your 
converter. EDN 

Bonnie Baker is a senior applications engi- 
neer at Texas Instruments and author of 
A Baker's Dozen: Real Analog Solu- 
tions for Digital Designers. You can 
reach her at bonnie@ti.com. 
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[+] Go to www.edn.com/080612pry 
for an expanded write-up, com- 
plete with additional photos, on 
the Argus DCM-099. 



Low-cost snapshots: 
dismembering a diminutive digicam 

PRYING EYES QUERIES THE CONTENTS OF A SUB-S10 KEYCHAIN CAMERA 




Prompted by a tempting ink- jet-printer- rebate pro- 
motion, I this year purchased Argus' bundled $9-99 
DCM-099 0.3M-pixel digital camera with a "Prying 
Eyes" analysis in mind- What's inside the unit's 
petite silver-plastic case, and do its picture-taking abilities 
belie my price-defined modest expectations? 



The lack of any visible memory IC save 
the PSOP (power-small-outline-pack- 
age)-encapsulated SDRAM suggests that 
system code resides on the same slivers 
of silicon that implement the camera's 
"brains." Speaking of encapsulation, you'll 
likely find the chip's onboard system 
processor under the blob of black epoxy 
in the center of the PCB (printed-circuit 
board). Its specifics are unknown. 



A simple piezoelectric speaker beeps to alert the user of 
camera power-on and -off and mode transitions, along 
with image-capture completion. Underneath it is what 
I first assumed to be a 2-Mbyte NAN D-f lash-memory 
chip. The item's ESMT M1 2L61 6A part number, how- 
ever, told me I had a 1 6-Mbit SDRAM on my hands. 
Don't remove the single AAA battery or allow it to drain 
before PC transfer, or you'll lose your stored pictures! 



Two membrane switches-one to 
activate the shutter, and the other for 
mode toggling and selection-imple- 
ment the entirety of user input. User 
feedback, such as remaining-picture 
count, relies on a low-resolution 
monochrome LCD, connected to the 
PCB via zebra-strip elastomers. 



This design perfectly exemplifies 
Moore's Law's strengths and limita- 
tions. The amount of double-sided 
PCB surface area that digital-logic 
and memory circuits, including their 
large packages, consume is only 
around 20% of the total available 
real estate. Conversely, discrete 
capacitors, diodes, inductors, resis- 
tors, and resistor packs, along with a 
few power transistors, dominate the 
topology. 




A lens labeled as having a F2.6 fixed aperture and 5.4-mm fixed focal length, 
along with fixed focus, handles incoming photon collection. Underneath it is 
a VGA-resolution, 640X480-pixel sensor, which I strongly suspect Argus' 
supplier implemented in CMOS and which I also strongly suspect contains 
the intelligence necessary to tackle JPEG conversion and other image-pro- 
cessing functions. The DCM-099 captures still pictures in both high and 
low resolutions and at two quality-versus-size compression-ratio options, 
translating to peak resident storage of 26 to 208 images. It even supports 
the capture of 6-frame/sec AVI video streams. 
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BY PAUL RAKO • TECHNICAL EDITOR 



PAY CAREFUL ATTENTION TO ANALOG SWITCHES AND MULTIPLEXERS, 
WHICH ARE CRITICAL COMPONENTS OF THE SIGNAL PATH. 
DESIGNERS SHOULD UNDERSTAND THE APPLICATIONS AND 
SPECIFICATIONS OF THESE IMPORTANT ANALOG PARTS. 

USE ANALOG SWITCHES TO 

MULTIPLEX 
YOUR SIGNALS 

Few IC-schematic symbols are simpler than the one 
that depicts an analog switch (Figure la). A basic 
switch comprises just an input, an output, a con- 
trol pin, and a couple of power-supply pins. Yet, 
bedazzling complexity hides behind this simple ap- 
pearance (Figure lb). Several specifications, in- 
cluding power-supply voltage and on-resistance, 
are fundamental to the part's operation. An ana- 
log switch also has many ac specs, such as band- 
width and switching time. All these specs, including leakage cur- 
rent, change — sometimes radically — over temperature. As with all 
other analog parts, the switch has specs that all interact and lie 
along a continuum of values. These specs are not black and white, 
just shades of gray (Reference 1). 




One analog switch is complex, but 
groups of them that you gang together or 
integrate into one IC to provide DPDT 
(double-pole/double-throw) functions 
or multiplexers are even more complex. 
For example, a multiplexer that feeds 
signals to an ADC should be a break- 
before-make device — that is, it should 
break contact before it makes contact, 
keeping the input signals from short-cir- 
cuiting each other. But a multiplexer on 
an audio output may need to be a make- 
before-break device — that is, it must 
make contact before it breaks contact 
to prevent objectionable clicks or pops 



in the audio signal. As with all analog 
parts, things are more complicated than 
they seem at first glance. 

FINDING NEW USES 

Analog switches have always had a 
place in instrumentation and industri- 
al markets. Data-acquisition cards re- 
route the analog inputs to provide many 
channels of measurement that travel to 
an ADC, and they route analog outputs 
to connectors or internal circuit nodes. 
The analog switches and multiplexers 
in these cards have traditionally been 
high-voltage parts, in keeping with their 



Figure 1 A simple symbol represents an 
analog switch, but stray capacitances 
abound and small inductances occur 
because of the presence of bond wires (a). 
The on-resistance is variable with applied 
signal and power supply, and the capaci- 
tors also change with applied voltage (b). 



industrial, military, and medical heri- 
tage. These decades-old applications 
will always be with us, but several new 
technological developments are making 
dramatic use of analog switches. 

One of the highest volume uses of an- 
alog switches is in cell phones and oth- 
er handheld consumer devices. "I don't 
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know of a cell phone that does not have 
at least one switch in it," says Jerry John- 
ston, Fairchild Semiconductor's prod- 
uct-line director for switch products- 
Size and features are the driving factors 
in the use of analog switches in phones. 
Phone cases have little room for con- 
nectors, meaning that analog switches 
must route signals from multiple ICs to 
one USB port, video port, audio port, 
or power connector. These switches al- 
so have a plethora of features, further 
increasing their use in cell phones. A 
basic cell phone typically comprises a 
baseband IC and the RF-signal chain. A 
full-featured phone may also include a 
digital camera and a videocamera, both 
with associated flash systems, and can 
serve as an MP3 and video player. It also 
provides for USB, Bluetooth, and wire- 
less-LAN connectivity. Johnston knows 
of some high-end cell phones with as 
many as 14 analog switches. 

For similar reasons, another grow- 
ing application for analog switches is in 
laptop computers. Even bare-bones lap- 
tops have cameras, IR (infrared) ports, 
Bluetooth, and wireless functions. Also 
similar to cell phones, laptop computers 
have a limited amount of outside surface 
on which to put connectors. Although 
less severe than the space restrictions for 
cell phones, this limitation still provides 
many applications for analog switches. 

Home entertainment is another high- 
volume application for analog switches. 
Anyone who has had to hook up a TV, 
a DVD player, a stereo receiver, a gam- 
ing system, a cable system, and a com- 
puter can attest to the video- and au- 
dio-signal-routing challenges that these 
tasks entail. As with cell phones, these 
home-entertainment systems may use 
some digital signals, but you still must 
use analog switches to route this equip- 
ment. For example, many home-enter- 
tainment systems have multiple HDMI 
(high-definition-multimedia- interface) 
digital-signal paths, and these products 
need analog switches to route those sig- 
nals because using digital switches can 
cause skew and delay. A digital switch 
creates one or more gate delays as it 
functions, and those delays may be non- 
deterministic, instead changing with 
switch routing or temperature, and the 
gates' rise and fall times may change the 
duty cycle of the digital signal. 

Yet another high-volume application 



AT A GLANCE 

□ The key specs for analog 
switches are voltage, on-resistance, 
capacitance, charge injection, 
speed, and package. 



□ Dielectrically isolated processes 
prevent latch-up in some switches. 



□ Switches can work from dc to 
400 MHz and beyond. 



□ MEMS (microelectromechanical- 
system) switches work well at high 
frequencies but have reliability prob- 
lems and expensive packaging. 



□ Be sure to model all the parasitic 
elements if you are simulating an 
analog switch. 



of analog switches is automotive enter- 
tainment, which has all the same sig- 
nal-routing problems as, but with less 
space than, a home-entertainment sys- 
tem. Automotive electronics, or "tele- 
matics," combine the signal-routing and 
management challenges of the enter- 
tainment, computer, and cell-phone en- 
vironments. 

IMPORTANT SPECS 

How much voltage an analog switch 
can withstand is just as critical as the 
voltage rating on a mechanical switch, 
sometimes indicating the switch's in- 
tended market. Switches with voltages 
of 12 to 36V often target the instrumen- 
tation, military, and medical markets. 
Data-acquisition systems that must mea- 
sure some unknown voltages from the 
outside world also benefit from using an- 
alog switches with high voltage ratings. 
Because designers have no control over 
the level of the measured voltages, it is 
important for the switch to be able to 



DIELECTRIC V s 
ISOLATION O 



handle as much voltage as possible. It is 
this same quest for robustness that led to 
the development of dielectrically isolat- 
ed and fault-protected analog switches. 

Dielectric isolation puts each transis- 
tor in the IC in its own glass enclosure 
(Figure 2 and Reference 2). Glass has 
a lower dielectric constant than silicon, 
yielding very low internal capacitance 
for dielectrically isolated parts. As a re- 
sult, the formation of a parasitic SCR 
(silicon-controlled rectifier) can cause 
latch-up in the IC substrates if an in- 
put signal goes outside the power-sup- 
ply rails (Figure 3). Manufacturers typi- 
cally fabricate parts for consumer elec- 
tronics on inexpensive CMOS process, 
and these parts have maximum voltage 
ratings of 5.5V. For example, Fairchild's 
FSA2270T dual-SPDT (single-pole/ 
double-throw) analog switch swings be- 
low the negative rail so that it can pass 
bipolar-audio signals when it has no neg- 
ative-power-supply rail (Reference 3). 
Another example, Texas Instruments' 
TS3USB22 1 multiplexer/demultiplexer 
switch, operates from a 2.3V supply. 

Fault protection is another important 
spec. Devices with this feature incur no 
damage even if the input-voltage ex- 
ceeds the power-supply rails. The Max- 
im MAX388 analog multiplexer, for ex- 
ample, has fault protection to 100V. In 
addition to providing internal fault pro- 
tection, your circuit can be designed to 
protect analog switches for overvoltage 
conditions (Reference 4). 

On-resistance is another vital spec 
of an analog switch. On-resistance may 
seem unimportant if your design in- 
cludes an operational amplifier that 
provides buffering to the analog switch. 
The op amp's input impedance may 
be in the megohms, so putting a 100H 




Figure 2 The dielectrically isolated process isolates each transistor in an IC with an 
oxide trench. This approach prevents latch-up and lowers stray capacitance (courtesy 
Analog Devices). 
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analog switch in series with the input 
means that this impedance is negligible, 
but only at dc. The on-resistance of the 
switch can react to the stray capacitance 
and input capacitance of the amplifier. 
This reaction can create a pole that rolls 
off the frequency response of the signal 
chain, perhaps to unacceptable levels- 
Many other signal-routing applications 
need far lower on-resistance. Whereas 
100H was acceptable decades ago when 
engineers used Fairchild's ubiquitous 
CD4066 CMOS analog switch, many 
devices' on-resistances soon decreased 
to lOfl, and several less- than- 111 analog 
switches are now available. For exam- 
ple, the Pericom PI3A3159 SPDT ana- 
log switch has an on-resistance of 0.411. 
These new parts reach low on-resistanc- 
es at operating voltages as low as 2.7V. 

Another specification of importance, 
off-resistance, measures the switch's abil- 
ity to block a signal. The fundamental 
off-resistance of an analog switch is the 
off-resistance of a MOS transistor, which 
is usually higher than most circuits need. 
The off-resistance is also a function of 
the ESD (electrostatic-discharge) -pro- 
tection diodes that are on the IC die to 
prevent damage in handling and assem- 
bly of the transistors (Figure 4)- It may 
help to think of off-resistance as a leak- 
age specification. Because leakage dou- 
bles with every 10°C, you should always 
check the off-resistance at the maximum 
temperature at which you expect your 
circuit to operate. Also, off-resistance 
and leakage are specifications that apply 
at dc or low frequencies. At higher fre- 
quencies, switch capacitance dominates 
off-resistance and leakage. 

Capacitance is unavoidable in any- 
thing as small as a modern analog 
switch. The pins are close together, so 
you can expect a few picofarads of cou- 
pling between them. You must also con- 
tend with the capacitance between the 
transistor structures and the substrate. 
Manufacturers fabricate modern parts 
on proprietary processes so that the 
parts can operate into the RF range — 
easily hundreds of megahertz. Some cus- 
tomers ask manufacturers to specify an- 
alog switches with insertion and return 
losses, specs associated with RF design, 
according to Manav Malhotra, an asso- 
ciate business manager at Maxim Inte- 
grated Products. Semiconductor analog 
switches also have an Achilles' heel: 
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Figure 3 Chip designers use P- and N- 
channel FETs in CMOS ICs (a). When the 
inputs to the transistor exceed the power- 
supply rails, latch-up conditions occur. 
This excursion causes free carriers in the 
substrate, which triggers the creation 
of a parasitic silicon-controlled rectifier 
(b). This excursion also shorts the posi- 
tive-supply voltage to the negative-supply 
voltage. 



the capacitance between various pins 
and to ground or power. Reed relays 
and MEMS (microelectromechanical- 
system) switches have smaller stray ca- 
pacitance, making them suitable for fre- 
quencies well into the gigahertz range, 
but both relays and MEMS are mechan- 
ical devices and will wear out with hun- 
dreds of thousands to millions of cycles. 
Reed-relay switches also need a lot of 
power to actuate, and MEMS devices 
require expensive packaging to keep the 
silicon beam in a hollow area so that it 
can operate. Even if your signals are on- 
ly hundreds of kilohertz, you should look 
at the analog switch's capacitance be- 
tween pins, including ground and pow- 
er, to decide whether the part will pro- 
vide the needed isolation and crosstalk 
specifications. 

Charge injection is another important 
specification in analog switches. Turn- 
ing on a switch tends to inject charge 
into the signal path, which can be cat- 
astrophic in sample -and-hold regulators 
and in multiplexers that feed an ampli- 
fier. IC designs that match internal ca- 
pacitance inside the part can minimize 
charge injection. The faster the rising 
edge on the actuating signal, the more 
of a problem that charge injection will 
be. Lowering the slew rate of the ana- 



log-switch control signal may reduce the 
charge injection to acceptable levels. Be 
sure to evaluate this factor if your design 
has any high- impedance nodes in the 
signal path. Charge injection is often a 
cause of pops and clicks in audio circuits 
that incorporate analog switches. As 
with all specs, check this factor over the 
temperature at which you expect your 
design to operate. 

Many analog switches route fast digi- 
tal signals, so the speed of actuation is an 
important spec for many users. Even in 
legacy applications, such as data-acquisi- 
tion multiplexers, you must factor in the 
speed of the switch to the sample-and- 
hold analysis to ensure that the signal 
has settled to an accurate level before 
the ADC measures it. You should also 
note the PSRR (power-supply-rejection 
ratio) of any analog switches in a signal 
chain. Just as the capacitance between 
outputs and power can attenuate a fast 
signal, that same capacitance can pass a 
high-frequency noise component on the 
power rail into your output signal. These 
days, switching power supplies power 
many analog circuits. Be sure to examine 
the spectral content of the power rail. If 
frequencies are high enough, they will 
pass into your design's output through 
the internal capacitance in the analog 
switch. Placing a resistor or an inductor 
in series to the power-supply pin of the 
part and one or more decoupling capac- 
itors close to the analog switch ensures 
that noise from the power supply does 
not enter your design's signal path. It will 
also make the circuit more immune to 
RFI (radio-frequency interference, Ref- 
erence 5). 

A spec that may be as important as 
any other is the package the part comes 
in. If you are designing a handheld in- 
strument or a cell phone, you need your 
device to fit into an SC-70 or a small- 
er package. If you are using the part to 
switch power, then you may want a large 
package to aid in the power dissipation 
to keep the part from becoming too hot. 
Another package consideration is con- 
formance with a standard part's pinout. 
If you need to upgrade an Intersil DG403 
monolithic analog switch, for example, 
then you need a part that uses an identi- 
cal package and pinout. Getting a part 
with low on-resistance in a small pack- 
age is a challenge. "The challenge with 
most switches is physics," says Jeffery 
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DeAngelis, executive director of the in- 
terface-switch^and-protection^business 
unit at Maxim Integrated Products. "To 
get a smaller on-resistance, you parallel 
multiple fingers [gate structures] in your 
FET. When you do that, you get lower 
on-resistance, but the die grows." 

Current consumption is yet another 
critical parameter. Some parts change 
supply current depending on the level 
of the control signal you apply to them. 
Evaluate supply current on a breadboard; 
don't assume that the nominal figure on 
the data sheet applies to your circuit. 
Also be aware that the supply current 
changes over temperature. 

HANDLING TRADE-OFFS 

With so many specs to consider, it 
would behoove a diligent analog en- 
gineer to examine the basic trade-offs 
inherent in analog switches. All engi- 
neers know that the most important 
spec is price. For a low-cost switch, you 
can't beat an old CD4066 CMOS ana- 
log switch. It works at voltages as high 
as 15 V, and you can use more than one 
switch in parallel to achieve a reason- 
able level of on-resistance. At the other 
end of the spectrum, the dielectrically 
isolated Intersil HS-303ARH has a radi- 
ation-hardened silicon gate that makes 
it suitable in military and satellite appli- 
cations. Another trade-off involves sup- 
ply voltage. In general, a higher power- 
supply voltage means a lower on-resis- 
tance. For example, STMicroelectronics 
used a new process when fabricating the 
STG3699B quad-SPDT switch, giving 
it an on-resistance of 0.511. 

Another trade-off is power-supply 
current. A device that operates at high 
speeds requires a higher supply current 
to slew the transistor gates at a faster 
rate. CMOS or DMOS analog switch- 
es often have low power-supply current. 
For example, STMicro's STG3684 SP- 
DT switch uses only 200 nA. This cur- 
rent rises with temperature. The com- 
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Figure 4 Leakage currents into a pin 
usually establish the off-resistance of an 
analog switch. This leakage comprises 
the leakage through the switch FETs and 
mismatch in the ESD-protection diode's 
leakages. 

pany specifies some parts, such as the 
STG3689, at 85°C. 

Other trade-offs include the size 
and power dissipation of the package. 
Switching-power designs require a larg- 
er package, which in turn may require a 
low on-resistance, because the bigger the 
die, the lower the resistance. Novel pro- 
cesses and circuit techniques have pro- 
vided for remarkable strides in this area, 
as well. Vishay now offers 14 switches 
with on-resistances of less than 1H. Yet, 
these parts come in packages as small as 
SC-70 with a 3 X2-mm footprint. 

One trade-off that you may overlook 
is the change in on-resistance with the 
applied signal. If you use a high-voltage 
power supply and a small signal swing, 
then this change may not be a problem. 
If your signal swings rail to rail to the 
supply voltage, however, you will need a 
newer device that provides uniform on- 
resistance over the passed signal voltage. 

CMOS analog switches tend to be 
cheaper but run on lower voltages. 
DMOS switches have higher voltages 
and switch faster. The DMOS switches 
generally have more stringent drive re- 
quirements. Vishay has developed the 
DG611 switch, which uses both CMOS 
and DMOS to achieve the benefits of 
both processes (Reference 6). One 
thing that distinguishes analog-switch 
makers is the ability to provide for cus- 
tom or proprietary processes such as 
Analog Devices' 35V iCMOS process, 
which tailors the part for specific appli- 
cations, according to Liam O Suilleab- 
hain, a product manager at the compa- 
ny. "If you compare the ADG408 to our 
new product, the ADG1408, the 408 
has an on-resistance of 100H, whereas 
the 1408 has an on-resistance of 4-711. 
[The company offers] the 1408 in the 



same TSSOP package but also has an- 
other package option, the LFCSP, which 
is 70% smaller." 

MEMS parts may involve a future 
trade-off for analog switches. The prob- 
lems now are mechanical reliability and 
price. MEMS switches are mechani- 
cal, and, although you can expect them 
to be more reliable than a reed-relay 
switch, they can still wear out or fail 
catastrophically. Also, you must keep 
the MEMS structure away from the en- 
capsulating epoxy, so MEMS packaging 
is always more expensive than silicon- 
analog-switch packaging. In addition, 
MEMS switches take longer to switch 
because they are mechanical. 

Looking at the myriad applications 
and multifaceted specifications of analog 
switches, you can see that there is more 
than meets the eye with these ubiquitous 
little parts (Reference 7). Be sure to un- 
derstand their uses and specifications 
when you design your next signal chain. 
If you are doing a Spice simulation that 
includes an analog switch, be sure that 
the model is complete, showing para- 
sitic and stray capacitances and bond- 
wire inductance. Many Spice models 
cannot account for charge injection or 
on-resistance change with applied volt- 
age. Don't be surprised if the breadboard 
shows problems that the Spice run does 
not. Check everything over temperature 
and make sure that the part you have se- 
lected is available and will be in produc- 
tion for the life of your product. If you 
properly apply analog switches, you can 
achieve features and cost reductions that 
you cannot get in any other way.EDN 
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I ™ I AS SOCs FOR MOBILE 
^^^M f DEVICES INTEGRATE RADIO 
^^^^ W CIRCUITS, THEY WILL NEED 

M TO REUSE RF IP. BUT WILL 

THEY BE ABLE TO? 

BY RON WILSON • EXECUTIVE EDITOR 

For the next generation of smart phones, mobile 
video players, and roaming Web accessories, inte- 
gration means not just placing multipurpose base- 
bands onto the same SOC (system on chip) with 
the application processor, accelerators, and memo- 
ry, but also integrating the small-signal RF circuits 
of many radios onto the SOC. And therein lies a 
challenge. 
In today's SOCs, reusing silicon IP (intellectual 
property) is absolutely necessary to meet schedules and maintain 
reasonable design complexity. But, although IP reuse is well-under- 
stood in the digital world and has even become common for some 
very-high-frequency blocks, such as SERDES (serializer-deserializer) 
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functions for high-speed I/O and PLLs (phase-locked loops) 
in all sorts of applications, design reuse is virtually unknown 
for RF circuits in radio applications. Why? And can you do 
anything about it? Or will the next generation of SOCs for 
mobile devices have to be largely custom chips? 

SIZING THE QUESTION 

At stake in these questions is a large fraction of the die 
area in the mobile-system SOC. This situation occurs not 
simply because radios tend to be large — with larger-than- 
minimum transistors and virtually unshrinkable inductors 
and capacitors — but also because the advanced handset will 
require lots of radios on one SOC. 

For example, consider a typical concept device that acts 
as a multiband phone and Internet terminal, reaching out to 
whatever best connection is available at the time. Such a hand- 
set would have an LTE (long-term-evolution) radio for con- 
necting to the cellular-phone network; an 802.1 In MIMO 



(multiple-input/multiple-output) Wi-Fi-radio bank for mak- 
ing multiple-antenna connections to any available Wi-Fi 
access point; at least one UWB (ultra wideband) radio to 
implement Bluetooth, wireless-USB, or proprietary short- 
range, high-bandwidth protocols; and a GPS (global-posi- 
tioning-system) receiver for obtaining location information. 
None of these components is trivial, and, in the case of the 
802.1 In MIMO radio, the area is substantial (Figure 1). 

Initially, these radios may all be on separate dice. But de- 
sign pressures will force many, if not all, of them to mi- 
grate onto the SOC. The exception will be the large-signal 
RF blocks, such as power amplifiers and antenna switches, 
which are likely to remain off the SOC. 

The small-signal RF blocks in a typical radio are not hard 
to enumerate (Figure 2). They recur in about the same con- 
figuration in most modern radios. But that situation does 
not mean that it's easy to reuse either a whole radio block or 
the individual functions. 



With so much complexity, so much 
die area, and so much at stake, it would 
seem obvious that SOC designers — par- 
ticularly SOC teams that lack internal 
RF expertise — would want to obtain 
their radio blocks as third-party IP. But 
the reality is that, today, they will not. 
And even in the moderate-term fu- 
ture, some or most of the radio blocks in 
these SOC designs will be the work of 
the SOC-design team itself, not a third- 
party- IP developer. There are several 
important reasons for this predicament. 

All of these reasons follow from the 
concept of reusable IP. To be reusable, an 
IP block must have a clearly understood 
function, upon which the creator and 
the user agree. It must have clearly de- 
fined ports, and the signals at these ports 
must be unambiguously defined both as 
to their relationship to the function of 
the block and as to their allowable sig- 
nal characteristics. Without these ba- 
sic constraints, IP is not so much reus- 
able as redesignable. But, as you will see, 
each of these requirements is problem- 
atic for RF-radio IP. 

The first problem is the matter of 
standards. Certainly, there are clear air- 
interface standards, with verification IP 
and interoperability tests, for virtually 
all nonproprietary air interfaces. But the 
problem is the implementation of the 
radios. "The transceiver architecture for 
these standard radios is still evolving," 
warns Berkeley Design Automation 
Chief Executive Officer Ravi Subrama- 
nian. "How you want to build the ra- 
dio still depends on the market you are 
going to serve with it." For example, a 



AT A GLANCE 

El The next generation of mobile 
wireless devices will depend on 
integration of some radio functions 
into the SOC (system on chip). 



□ SOC development depends on 
IP (intellectual-property) reusability. 



□ RF circuitry is notoriously hard 
to reuse for some very compelling 
reasons. 



□ Reuse of third-party-radio blocks 
is likely to be difficult and slow to 
emerge. 



UWB radio, although structurally much 
like an 802.11 radio, can look different 
in detail (Figure 3). 

"Even standard radios are less well-de- 
fined than you might think," says Navraj 
Nandra, mixed-signal-product-market- 
ing director at Synopsys. For instance, 
he notes, different countries might im- 
plement the same standard radio dif- 
ferently. WiMedia radios in the United 
States use Band Group 1. Other coun- 
tries use higher-frequency band groups 
requiring different radio designs. 

"And, putting these radios into 
CMOS on an SOC is the crown jewel 
for the companies that can do it," Sub- 
ramanian says. "The ability to integrate 
the radios with high performance is es- 
sential to their products, and it differen- 
tiates them. They are not going to buy 
the radios as IP, even if they could." 

But what about licensing the sub- 
blocks within the radios? After all, you 
can license third-party PLLs that run as 
fast as some of these blocks. That sce- 




Figure 1 The Broadcom BCM2055 is a 4X4 MIMO radio supporting the 802.1 1 n draft 
specification. Note that both complexity and die area are not insignificant. 



nario is not in the cards either, Nandra 
says. "There are clear functional blocks 
in a radio: the RF front end, the mix- 
ers, the data converters, and so on. But 
the problem here is that the exact par- 
titioning into blocks, and the interfaces 
between them, is not defined. For exam- 
ple, in the PCI [peripheral-component- 
interconnect] Express world, there is 
an industry- standard pipe interface be- 
tween the PHY [physical] and the MAC 
[media-access-control] layers. But the 
interfaces between the functions in ra- 
dio hardware are not defined." 

"These are very difficult interfaces," 
says Carlos Leme, executive vice presi- 
dent of the wireless-systems group at 
MIPS. "It's not a matter of just plugging 
them together. You have to observe all 
the loading and impedance-matching 
requirements of the RF signals between 
blocks." 

The functions within the blocks al- 
so are not clearly defined. "The parti- 
tioning of RF circuits is very complex," 
Leme continues. "The specifications of 
the blocks interact with each other." 
Leme explains that, for example, skilled 
RF designers may choose to accept more 
noise in one portion of a circuit and 
make up for it in another. "[For this rea- 
son] there has never been a significant 
market for RF-building-block IP," Leme 
adds. "You always end up having to work 
closely with the design team; it's not re- 
ally IP then." 

SIGNALS AND NOISE 

Even if a design team would accept 
previously defined building blocks, the 
integration process would prove dif- 
ficult. The problem involves another 
component of the definition of reusable 
IP: The block should have well-defined 
signals on clearly defined pins. The dif- 
ficulty with this concept for RF design is 
that interactions between an RF circuit 
and the rest of the chip don't involve 
only defined signals or even intentional 
paths between the IP block and the rest 
of the chip. This situation can lead to 
interesting problems. 

First, there is the connection prob- 
lem. You can't simply tell a digital-rout- 
ing tool to connect the pins on a hard- 
IP block to their destinations and end 
up with a working radio. RF-signal paths 
must have impedance matching. They 
care about parasitics. And they care — 
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sometimes a great deal — about every- 
thing that is going on at the node to 
which you attach them. 

Even with impedance-matching con- 
nections to quiet, well-behaved nodes, 
a piece of hard IP validated in the pro- 
cess you are using may not behave in 
your chip as it behaved in the test chip. 
Often, this unpredictability is due to in- 
teractions between the RF circuitry and 
the rest of the die that don't involve the 
defined signal paths. 

"Models are problematic in RF de- 
sign," says Hany El Hak, senior product- 
marketing manager at Cadence. "It's not 
because the RF models you get from the 
foundry or the IP vendor are inaccurate, 
necessarily. It's because the assumptions 
the IP designers made while construct- 
ing the models don't always get commu- 
nicated to the IP user." 

He explains that, for instance, if the 
IP designer assumed a maximum sup- 
ply-noise figure, you need to know it to 
verify that the supply pins on the IP in 
your design don't exceed that figure. "In 
general," he notes, "the problem is that, 
in the RF domain, there are couplings 
and interactions that don't follow the 
signal path." 



Supply noise is just one example El 
Hak offers. Another is substrate cou- 
pling. Until recently, it was all but im- 
possible to get accurate substrate models 
for even the best CMOS-logic process- 
es. Now, those models exist, and found- 
ries are happy to share them, El Hak re- 
ports. "But substrate-coupling models 
are very complex. If you include them 
in your circuit models, the complexity 
of the overall problem explodes. You 
must have some formal way of reducing 
the complexity of the model — removing 
parasitic paths to which the circuit isn't 
particularly sensitive — to make simula- 
tion feasible. There are tools to [accom- 
plish this task], in Spectre, for example. 
But it's not fully automatic. The accu- 
racy of the reduced model still depends 
on the designer's guidance in pruning 
the circuit." 

VERIFICATION ISSUES 

With all the potential for interactions 
between a radio-IP block and the sub- 
strate, the supply pins, the signal pins, 
and even nearby but unrelated traces, it 
should be no surprise that even experi- 
enced RF designers approach verifica- 
tion of the integrated block with a cer- 



tain amount of respect. There is no easy 
way out. 

"You really want to do verification of 
the whole system, not just the IP block," 
warns Irshad Rasheed, president and 
chief executive officer of RF-design- 
services house Tahoe RF Semiconduc- 
tor. "Just defining the system from the 
top level can be 15 to 25% of the design 
cycle. Once you [define it], many design 
teams begin to analyze the system from 
a behavioral level with Verilog models 
and with enough extracted data to al- 
low an analog/mixed-signal functional 
simulation." Moving directly to inte- 
gration of the IP and producing GDS 
(graphic-data system)-II for the whole 
chip is possible but extremely risky, he 
cautions. "Models for substrate coupling 
and for the noise spurs from the digital 
circuitry are never that good. The VCOs 
[voltage-controlled oscillators] are never 
centered. The risks are very high." 

Instead, Rasheed recommends, the 
design team can implement the radio 
circuitry on test chips. These compo- 
nents can start out with small struc- 
tures simply to validate the circuit mod- 
els and progress to an entire radio block 
surrounded by digital-noise generators 
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Figure 2 A typical two-way radio block shows the major functional subblocks (courtesy Berkeley Design Automation). 
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to simulate the environment on the fi- 
nal SOC. "With test chips, you can ver- 
ify a great deal of the radio behavior be- 
fore you find yourself signing off on final 
masks for an entire SOC," he says. 

In any case, Rasheed emphasizes the 
importance of top-level simulation that 
is both abstract enough to view the be- 
havior of the design as a working radio 
and accurate enough to predict prob- 
lems- "You need Verilog-A models that 
reflect circuit-level reality," he says. 
"[Achieving that goal] takes a lot of ex- 
perience in RF synthesis. It takes mov- 
ing back and forth easily between Spec- 
tre, RF-Spice, and Verilog-A models. 
And it takes knowing where the 'got- 
chas' will be so you can capture them in 
the higher-level models and not be sur- 
prised by them down the road. Realisti- 
cally, the RF designers must be involved 
in the chip-verification process." 

Reflecting the difficulty of the verifi- 
cation task, Berkeley Design Automa- 
tion's Subramanian describes five phas- 
es of verification for RF IP: functional 
simulation, performance analysis, noise 
analysis, investigation of the interac- 



tions with package design, and analysis 
of sensitivities to process variations. Un- 
fortunately, although you need to com- 
plete the first two of these steps on the 
block preintegration, all five are neces- 
sary after integration and layout of the 
SOC. 

VARIABILITY 

And then there is the matter of vari- 
ability — not just process, voltage, and 
temperature variations, but also package 
and board variations. A radio you drop 
into an SOC must work in the digital- 
CMOS process in which you fabricated 
the SOC. But it must function within 
all the process corners for that process. 
And it must work in all the package 
variations marketing may dream up for 
the chip. And it must work in the cus- 
tomer's board design. 

RF designers have two fundamental 
weapons in this unequal battle: robust 
circuit design and digital configuration. 
The first of these factors, circuit robust- 
ness, has been a tool of RF designers since 
the days of vacuum tubes. It is a matter of 
solid circuit-design experience, adequate 



simulation, and, many designers argue, 
enough test chips. But with the integra- 
tion of RF circuitry into digital-CMOS 
processes, designers have a new weapon 
that has changed the nature of radio de- 
sign: digital configurability. 

"Radios are very sensitive to para- 
sitics, and parasitics are neither stable 
across process variations nor accurately 
modeled," argues Leme from MIPS. "We 
need improved design kits with more 
parasitic data. But even so, in the end, 
you will ... [be] using digital trimming 
to center the circuit to the process. We 
try to add as much configurability as 
possible to the IP." 

Leme says that advanced CMOS pro- 
cesses help with adding configurabil- 
ity. "Once you get to 90 or 65 nm, ana- 
log switches are very good. You can use 
them without badly degrading signals." 
This ability has opened the door to a 
design style in which digital signals can 
open and close switches not only to ad- 
just bias currents or match impedances, 
but also to switch active elements into 
or out of the signal path. 

This style is new to RF design, accord- 
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Figure 3 A UWB transceiver follows the basic pattern of the design in Figure 2 but adds functional blocks to support the UWB air 
interface (courtesy MIPS). 
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ing to Subramanian. "Advanced CMOS 
processes have their limitations for RF, 
but they give you a huge number of 
transistors to play with," he says- "That 
[abundance] has led designers into the 
practice of throwing transistors at any 
inability to reach specifications- Conse- 
quently, RF-CMOS circuits on an SOC 
tend to be much larger than traditional 
RF designs: You can see 100,000 transis- 
tors in one of these things." 

In this new design style, configu- 
rability takes up the slack for imprecise 
knowledge of critical parameters at de- 
sign time- For noise, in particular, Syn- 
opsys' Nandra says, models are a prob- 
lem. "Gate noise is the primary issue. 
If you are starting a design early in the 
process life — as aggressive SOC design- 
ers tend to — the transistor-level noise 
models may not be exactly stable. It's 
a good idea to drop some process-mon- 
itoring devices into the scribe lines on 
test chips to help calibrate your models. 
Then, you can include the test structures 
in your IP further down the road to aid 
in calibration." And the data from those 
structures can set digital parameters that 
center the circuit. 

TOWARD IP REUSE 

That application of massive num- 
bers of transistors, performance moni- 
tors, and calibration circuits into RF 
design has changed the nature of radios 
from elegantly small circuits with only 
a few active devices to incredibly com- 
plex digital circuits with only a few RF 
devices on the signal path. This evolu- 
tion has moved us toward the goal of re- 
usable RF IP. 

Arya Behzad, distinguished engineer 
and director of engineering at Broad- 
com, bluntly sums up the current situa- 
tion: "It would be impossible to produce 
our product lines if we could not reuse 
IP. But, typically, RF IP requires more 
changes during reuse than digital or oth- 
er analog IP." Behzad says that this reali- 
ty has led Broadcom RF-design teams to 
consciously design their radio blocks for 
reuse — depending on the application. 
"If we are designing a radio for a com- 
pletely new market area, and we just 
want to get some experience, we may do 
a one-off design," Behzad says. "But, if 
we are developing a full product line for 
a market in which we have some experi- 
ence, we will aim for reuse, even though 



IT SHOULD BE 
POSSIBLE TO MAKE A 
RADIO CONFIGURABLE 
ENOUGH TO REUSE 
ACROSS A VARIETY 
OF SOC DESIGNS. 

this costs some die area. The concept 
is to take advantage of all those short- 
channel devices, and use lots of them to 
make the radio flexible. You end up with 
a ton of circuitry around the core." 

Area and power are obvious costs 
of this flexibility. So design for reuse is 
not a dogma but yet another engineer- 
ing trade-off. "For instance," Behzad of- 
fers, "if you do the blocks for a radio with 
reuse in mind, you may find that 70% of 
the blocks you designed for a single-in, 
single-out radio you can reuse in a MIMO 
radio, even though the requirements for 
the MIMO radio are more severe." 

Assuming that you have designed 
the radio for reuse, integration becomes 
a process of matching up the configu- 
rability of the IP to the requirements 
of the new SOC, Behzad explains. But 
this process in itself can be complex. He 
points out one 802.1 In transceiver that 
has more than 2 kbits of digital control. 
"And many of those bits interact with 
other parts of the chip in real time," he 
explains. "To verify operation in a new 
environment, you have to move be- 
tween Verilog-A models; digital simula- 
tions; and, in some interactions, transis- 
tor-level simulations. We've found that 
this [requirement] becomes particularly 
an issue with initialization sequences." 

Behzad says that validating cou- 
pling between blocks is another hard 
part. "It's impossible to capture every- 
thing — for instance, substrate or pack- 
age coupling. The problem is that you 
really need to model the die, package, 
and circuit board together. It becomes 
a monster model, and the simulations 
won't run. So you make some simplify- 
ing assumptions, [which] open the door 
for mistakes. 

"You can't get the simulations right to 
the last decibel," Behzad warns. "So, you 
work at the beginning to make the cir- 
cuit less sensitive to the things — [such 
as] noise spurs — that are difficult to pre- 



dict or just impossible to stop." For ex- 
ample, Behzad says, there is substrate 
coupling. "There are more claims than 
realities on the tools for modeling sub- 
strates," he laments. "So, you use your 
experience [to determine] when to add 
substrate capacitors, put in guard rings, 
and use N wells. Where you can't pre- 
dict, make the design robust." 

Will all of these steps make an RF- 
IP block reusable? "Within a company, 
definitely, yes," Behzad says. "But with 
third-party IP, I think not." 

The question at last comes back to 
Subramanian's point about differentiat- 
ing versus commodity radios. It seems 
likely that, with the relatively standard 
operating voltages, extremely high cut- 
off frequencies, and enormous transis- 
tor counts of 65- and 45 -nm processes, it 
should be possible to make a radio con- 
figurable enough to reuse across a vari- 
ety of SOC designs. It might even be 
feasible to make the IP relatively por- 
table across foundry processes, although 
some designers are pessimistic that this 
approach will ever be practical. 

But Subramanian emphasizes that it 
will never be possible to make a radio 
at once configurable enough for reuse, 
small enough and low enough in pow- 
er for a critical application, and offering 
high enough performance for the radio 
to help differentiate the finished SOC. 
"Over time, I think we will see Blue- 
tooth, GPS, and maybe television-tuner 
blocks become commoditized enough to 
be third-party IP," Subramanian specu- 
lates. "But for applications where the ra- 
dio's performance helps differentiate the 
end product, I think third-party IP will 
always be unlikely. "EDN 
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Achieving first-time 
success at 40 nm 

AN EARLY ADOPTER AT THE 40-NM NODE TELLS WHAT IT TOOK 
TO GET RESULTS FROM THIS LEADING-EDGE PROCESS. 



con using test chips early and often during the design. Altera 
(www.altera.com) adopted this approach for the 90-nm gen- 
eration and has carried it over to the 65- and 40-nm gener- 
ations to achieve high success with first production silicon. 
The approach supports design reuse to save development cost 
and helps the design team understand and resolve new pro- 
cess-design challenges (see sidebar "Analog challenges versus 
process-node shrinkage" in the Web version of this article at 
www.edn.com/ms429 1 ) . 

TEST CHIPS SOLVE PROBLEMS EARLY 

Test chips help address numerous design issues by validating 
both the circuit design and the process characteristics (Table 
1). The first test chips, which designers run early in their ef- 
forts, can contain simple logic blocks and interconnects or sin- 
gle transistors. The design of these test chips can begin before 
the process and simulation models are stable, giving develop- 
ers a head start on process migration. These tests help validate 
some design rules and indicate where other rules need modifi- 
cation, ensuring that the circuitry will perform as expected in 
the final design. Testing at this stage, however, requires design 
teams to work closely with their foundry to understand the 
deep-submicron issues that arise. 



Every process generation brings new design chal- 
lenges, but, for the 40-nm node, both the difficul- 
ty and the risks are exceptional. Increased com- 
plexity, size, and design costs dictate that designers 
adopt new methodologies to ensure that they get 
it right the first time (Figure 1 ). Systematic use of 
test chips and enhanced statistical simulation are some keys to 
successfully addressing 40-nm-process-generation challenges. 

Designers moving to adopt a 40-nm-process technology 
face substantial risks. The new process comes with new de- 
sign challenges to address, and the penalty for error is high. 
Mask costs grow about 50% each generation, and, for the 40- 
nm process, they currently exceed $3 million. Equally impor- 
tant, the cost of the design effort is growing — more rapidly 
than mask cost — because of increasing gate count and chip 
complexity. Designers, therefore, need to adopt methods that 
will allow them to address both the financial and the techni- 
cal challenges of process migration (see sidebar "Bimodal-pro- 
cess- technology adoption"). 

One of the most important moves that design teams can 
make is to adopt a methodology of verifying blocks in sili- 




Figure 1 A 40-nm FPGA results in increased complexity, size, and 
design costs that require designers to adopt new methodologies. 
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Test chips also help to account for new deep-submicron ef- 
fects that arise with a change in technology node- Sometimes, 
these new effects become more apparent in actual circuits 
than they were in simple process-test structures- Then, a test 
chip behaves unexpectedly. By undertaking a correlation ex- 
ercise, the design team can help identify effects they had not 
previously understood. Test chips can also identify circuit sen- 
sitivity to effects that the designers knew about but did not 
fully appreciate. 

Later in the design process, when all important effects are 
known and when the design rules are more stable, test chips 
allow designers to evaluate larger blocks. At this stage, teams 
can also try to reduce design layouts or new layouts of log- 
ic designs to determine whether they function adequately in 
the new process. The results of such tests help teams define 
their strategy for both hard- and soft-design reuse to save de- 
velopment time and cost. If functional problems appear or the 
block's performance needs improvement, designers have an 



opportunity to make the necessary changes early in the proj- 
ect. Blocks that traditionally need fine-tuning include mem- 
ories, PLLs (phase- locked loops), and high-speed I/Os. They 
are prime candidates for testing at this stage. 

As the design progresses, test chips allow designers to evalu- 
ate the integration of blocks into larger structures. The chips 
also provide an opportunity to evaluate any modifications the 
team made as a result of earlier testing. Depending on how 
many test chips they run during the development effort, de- 
signers may have several opportunities to repair or enhance 
their blocks before the design becomes final. Altera's develop- 
ment efforts may involve as many as nine test chips during a 
product design, typically every three to four months. 

This use of test chips greatly increases the chances for first- 
time success when you fabricate the full design, but the ap- 
proach might appear costly at first because it involves so many 
mask sets. Collaboration with the foundry as well as the use of 
shared-cost programs, such as the TSMC (Taiwan Semicon- 



BIMODAL-PROCESS-TECHNOLOGY ADOPTION 



The data in Table A shows the percentage of ASIC-design 
starts each year by process-technology node. Gartner 
(www.gartner.com) gathered the statistics for 2007 and 
made projections for the future. Each column totals 100. 
The most popular design-process node has for some time 
been 0.13 microns-based on the fact that 0.13-micron 
designs offer enough integration density, performance, 
and reasonable NRE (nonrecurring-engineering) costs 
for most designs. Designs at 90 nm and beyond are more 
expensive and riskier, and they require careful power 
management. It is not easy to balance ROI (return on 
investment) for many ASIC designs. The right axis in the 
table includes Altera's estimates for the total NRE cost 
for an ASIC at each node. These costs include masks; 
design; test; and software development, including labor, 
software, and hardware costs. As these costs increase, so 
do risk and development time. 
Contrast this situation with FPGA development. A few 



years ago, when older technology was in use, FPGAs 
stayed behind the ASIC-technology curve. Today, FPGAs 
are ahead of the curve. In the future, there will be a three- 
process node or more process-technology advantage-in- 
valuable for customers who may compare ASIC and FPGA 
technology for a given design. Examining cost, density, 
and performance, you can make no comparison between 
a 0.13-micron ASIC and 45- or 32-nm technology. 

With only a small investment in software-development 
tools, customers can gain access to the latest process 
technology. These products are programmable and avail- 
able to tens of thousands of customers, whereas an ASIC 
is available to only one customer. FPGAs maintain a bet- 
ter ROI, thus allowing the manufacturer to steadily invest 
in newer technologies. The ultimate result is that more 
designs will migrate from ASIC to FPGA technology, tak- 
ing advantage of time to market, cost, performance, and 
power and significantly reducing risk and NRE costs. 
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ductor Manufacturing Co, www-tsmc.com) Shuttle program, 
however, can keep down the cost of test chips- During process 
development, for instance, the foundry must run numerous test 
wafers to fully characterize and tune its fabrication methods. 
It also periodically runs test wafers to monitor the process. A 
close working relationship with the foundry provides opportu- 
nities to piggyback simple test structures on the foundry's own 
wafers in the early stages of a design. The Shuttle and similar 
programs allow testing of larger structures or even full designs. 
A 3X4-mm die in a 40-nm shuttle costs less than 5% of a full 
mask set, allowing several iterations of the final design for less 
than the price of one production-mask-set revision. The total 
mask cost of the test-chip program may exceed the cost of one 
mask-set revision, but the design-effort efficiencies you gain in 
areas such as design reuse and early error detection can largely 
offset the test costs. 
Along with adopting new design methodologies such as the 



Figure 2 Trial plot diagrams show a random distribution of dop- 
ing atoms in a 40-nm-transistor channel. 



test-chip program, developers embracing 40-nm technology 
need to enhance their methods and design parameters. Three 
areas that are particularly important in this process generation 
are process variability, power management, and high-perform- 
ance analog. Although these problems are well-known in ear- 
lier process generations, 40-nm technology puts a unique spin 
on them. 

LOCAL VARIABILITY BECOMES SIGNIFICANT 

Chip developers have long been aware of and have accom- 
modated process variability at the chip level. Monte Carlo 
statistical simulations guide designers in creating chips that 
will work properly when their transistors vary as much as three 
standard deviations (three sigma) from the production mean. 
But these techniques address only wafer-to-wafer variations 
and chip-to-chip variations within a wafer. In a 40-nm pro- 
cess, features are so small that the placement of individual at- 
oms can have a measurable impact. Gate oxides, for instance, 
are now only a few atoms thick. You can no longer consider 
the dopant in transistor channels relatively uniform. Instead, 
the placement more closely resembles a dash of salt grains 
scattered across a plate, on which each outlined square is one 
random distribution with an expected value of 50 dopant at- 
oms (Figure 2). The actual number of atoms — 37, 45, and 60, 
respectively — for these three trials shows that, in addition to 
having a random spatial distribution, the total number of at- 
oms within each square varies. 

This dependency on individual atomic placement intro- 
duces an unprecedented degree of local variability to circuit 
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TPS715XX 


2.5 - 24 


50 


1.2-15 


3.2 


SC70 


$0.34 


TPS71 5Axx 


2.5 - 24 


80 


1.2-15 


3.2 


SON 


$0.44 



* Suggested resale price in U.S. dollars in quantities of 1,000. 



www.ti.com/tps780xx 1.800.477.8924 ext. 4490 

Get Evaluation Modules, Samples and Power Management Selection Guide 
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behaviors- Robust statistical-analysis and model- 
ing tools, which accurately account for local vari- 
ation, enable designers to optimize their circuits 
in the presence of local variability- The ability to 
accurately model local variation is especially crit- 
ical for the design of high-yielding memory and 
analog circuits- For parameters such as standby 
current, only the total current across a die is valuable. In this 
case, local variations above or below the average tend to can- 
cel each other out. 

In addition to designing for greater variability, develop- 
ers should begin to incorporate redundancy to improve chip 
yields. This step is particularly important for the large dice of 
today's complex designs. With a large die, even a small change 
in the defect density in production can have a major impact 
on yield. On-chip redundancy allows the design to bypass de- 
fects instead of simply failing. You need to weave this redun- 
dancy into the architecture at the circuit level, however, not 
add it as an afterthought. 

Developers should also consider lowering the circuit pow- 
er. As process technology shrinks, circuits become faster and 
denser, and chip power rises in proportion. For many appli- 
cations, however, chip power is more important than perform- 
ance. Many applications require more functions in next-gener- 
ation chips without increasing power requirements, and higher 
performance holds only secondary importance. 

The traditional approach to lowering power has been to low- 



er the supply voltage to offset the greater number 
of transistors. But transistor- threshold levels do 
not scale with process technology, so lowering the 
supply voltage reduces the margin within which 
the transistor operates. Local variations further re- 
duce that margin. The lower the supply voltage, 
the greater the significance of predicting and ac- 
counting for local variability — specifically, for threshold-volt- 
age variations. 

TRADING PERFORMANCE FOR POWER 

In addition to lowering supply voltage, designers must adopt 
other approaches to reducing chip power. Altera has traded 
performance for power at both the transistor and the archi- 
tectural levels. Increasing the threshold voltage of a transistor, 
for instance, slows it but reduces its leakage current. Similar- 
ly, increasing channel length slows a transistor but lowers its 
switching current. You can make numerous other such trade- 
offs at the transistor level. 

At the architectural level, designers can trade performance 
for power on each circuit. In an ASIC design, this kind of 
trade-off is static. Analyzing the performance needs of a circuit 
identifies the critical paths on which high speed is necessary, 
allowing designers to assign faster transistors on those paths 
and use slower but less power-hungry transistors elsewhere. In 
an FPGA for which you don't know the critical path before 
programming and in other applications in which circuit speed 
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THAT 1280/1290 Series 



FEATURES: 

• High CMRR: 

90dBat 60Hz(1280) 
50dBat 60Hz (1290) 

• Excellent performance 
-Wide bandwidth: >7.6MHz 

- High slew rate: 14 V/ps 

- Low distortion: 

0.0006% THD 

- Low noise: -104 dBu 

• Low current: 

3 mA (per amplifier) 

• Several gains: 

dB, ±3 dB, ±6 dB 



'Standard pinout (1280) or 
very small footprint (1290) 




APPLICATIONS: 



• Balanced Audio 
Line Receivers 

• Instrumentation 
Amplifiers 

■ Differential 
Amplifiers 

■ Precision 
Summers 

• Current Shunt 
Monitors 
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From the machined interconnect component leader 




Press-Fit Interconnects 




Spring-Loaded Contacts 




.050" (1,27mm) Grid SMT 
Board -to-Board Interconnects 



and reliable. With North America s largest inventory of machined 
interconnect components, Mill-Max Mfg. Corp. applies automation, 
modular construction and screw-machine technology to assure 
accurate, cost-effective, high-volume production. Mill-Max 
components offer: 

• Secure, low-noise connections. 

• A pin acceptance range of .008" to .102" (0,20 - 2,59 mm). 

• 35 high-reliability, multi-finger contact clip designs. 

• High-grade materials and rigorous quality control standards. 

• RoHS and non-RoHS plating options. 

Mill-Max molds or machines non-standard insulators to accommodate 
any set of requirements. We also have the engineering strength to 
meet the most complex application-specific challenges, across a 
broad range of industries. 

Mill-Max Mfg. Corp. Connect with the best. 



To view our Design Guide, new product 
offerings and order free samples, visit 



www.mHhmax.com/respond 
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VersaLogic's Cheetah Single Board Computer (SBC) 
delivers swiftness and agility to embedded computing 
applications. This Pentium® M product makes good 
on its promise of providing high-performance in a 
compact, ruggedized package. The Cheetah offers 
flexible RAM options and scalable processing for 
optimum application performance with minimal 
power draw. Available in standard (o° to +6o°C) and 
extended (-40 to +8s°C) temperature versions, the 
Cheetah features 10/100 Ethernet, high performance 
video capabilities, an on-board CompactFlash® 
socket and extensive integrated I/O. Customization is 
available on quantities of 100 pieces or more. 

Contact us and discover how for more than 30 years 
we've been perfecting the fine art of extra-ordinary 
support, and on-time delivery: One customer at a time. 

VersaLogic PC/104-P/us Products 



Feature 


Puma 


Cheetah 


Lynx 


Cougar 


Processor 


AMD 
GX 500 


Intel 
Pentium M 


AMD 
Elan SC520 


AMD 
LX 800 


Speed 


500 MHz 


1.8 GHz 


133 MHz 


800 MHz 


Ethernet 


Yes 


Yes 


Yes 


Yes 


USB ports 


4 


2 





4 



1.800.824.3163 
1.541.485.8575 
www.versalogic.com/che 
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may vary, a more dynamic trade-off is necessary. Reverse-back- 
biasing a transistor increases the threshold voltage, thereby re- 
ducing the power. Design tools can automatically adjust the 
back bias of the transistors based on a specific program to opti- 
mize speed and power. 

THE MIXED-SIGNAL PROBLEM 

Finally, designers must address the challenges of mixed-sig- 
nal design. Many devices now need to incorporate high-speed 
transceivers. Even for purely digital logic, analog and high-fre- 
quency circuit content is increasing to support such functions 
as high-speed serial I/O. Successful implementation of such 
functions requires circuit components optimized for high- 
speed-analog-circuit design, but their requirements are often 
at odds with the requirements for high-speed-digital-circuit 
components. This discrepancy is becoming more pronounced 
as process technology scales down. 

The key to solving this dilemma is working closely with the 
foundry early in process development to ensure adequate op- 
timization of the essential components for high-speed-analog 
design. Developers can also populate a significant portion of 
their test chips with analog components to help develop accu- 
rate simulation models. Placing one whole channel of a high- 
speed transceiver on a test chip, for instance, gives an oppor- 
tunity to evaluate the parasitic effects of interconnects; model 
on-chip resistors, capacitors, and inductors; and see how well 
the design will work. This use of test chips allows designers to 
predefine analog components and fully characterize them to 
minimize mismatches in the final design. 

Collectively, all these efforts addressing analog design, pow- 
er trade-offs, local variability, and the use of test chips work 
together to ensure first-time success in 40-nm design. Further, 
the methods that address these problems will be applicable 
when it comes time to make the next process migration. New 
technical challenges will arise, but the methodology provides 
the opportunities to resolve those challenges, keep costs down, 
and achieve success with first production silicon.EDN 
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Industry's Smallest and Most Flexible High Voltage Multichannel 
Digital-to-Analog Converters 

Designers need maximum flexibility when specifying converters for high voltage applications, 
such as factory process control, instrumentation, and dc setpoint-control applications. These flexibility 
requirements include choice of resolution, number of channels, voltage range, power supply, and more. In 
addition, board design and layout challenges present unique integration and package size requirements. 

Solution 

This family of multichannel digital-to-analog 
converters includes a broad range of 12-bit 
to 16-bit, dual and quad channel devices that 
operate over a wide voltage range on either 
single or dual power supplies. The 16-bit 
AD5754R features 8 LSB INL, 0.1% total 
unadjusted error (TUE), and an on-board 5 ppm/°C 
reference. In addition, these highly configurable 
DACs feature software-programmable unipolar 
and bipolar voltage output ranges that can be 
independently set per channel. This functionality 
gives designers the option to eliminate a number 
of discrete components such as precision 

resistors, switches, and external amplifiers. Available in a 24-lead TSSOP, the AD5754R packs 
uncompromised performance and features in a small package size, and when combined with the 
elimination of discrete components, delivers board space savings of as much as 70%. For more 
information, visit www.analog.com/industrial. 
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Features 

• Resolution: 12-bit (AD5724R), 
14-bit (AD5734R), 16-bit (AD5754R) 

• Single-supply voltage: 4.5 V to 1 6.5 V 

• Dual-supply voltage: ±4.5 V to ± 16.5 V 

• Software-selectable output range: 5 V, 
10V, ±5V, ±10 V 





ISOLATION 




ADuM130x/ 




ADuMMOx 




±10V 
-► ±5V 
+10V 
+5V 



VALVES 
ROBOT ARMS 
^ VENTS 
MOTORS 
ACTUATORS 




TheAD5754R family's programmable output ranges and wide 
range of dual-supply and single-supply operation are ideal for 
analog output stages of PLC modules and DAQ Cards. 



APPLICATIONS 

1 Industrial automation 

1 Closed-loop process control 

1 Programmable logic controllers 



AD5754R 

ADUM1300 

ADuMHOO 



$10.05 
$1.61 
$2.15 



EDN Hot 100 Products is available online by 
fitO^f^/ visiting www.analog.com/EDN_hot100_2007. 
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TYPICAL WIRELESS TRANSMISSION SYSTEMS 



ADI Puts Software Designed Radio Within Reach via New Transmit DACs 
with Integrated Super-Nyquist Mixer Mode Function 

With the introduction of the direct RF out mixer mode function 
in transmit DACs, the overall transmission subsystem moves 
a step closer to achieving a true software defined radio (SDR) 
architecture. Figure 1 below shows how a transmit DAC fits into 
a typical wireless transmission system. This diagram shows the 
traditional system where the DAC generates the desired signal 
within the first Nyquist zone. That signal then passes through a 
low-pass filter (LPF), usually called a reconstruction filter. The 
reconstructed analog signal is fed to the mixer stage, which 
upconverts and generates the RF signal at the desired carrier 
or IF frequency. Figure 2 below demonstrates the DAC output 
spectrum in mixer mode vs. normal mode, generating the RF 
directly, thereby eliminating the mixer and reconstruction filter. 



Conceptually, operating the DAC in the mixer mode is equivalent 
to using a normal DAC plus LPF and mixer, but the actual 
implementation is not a simple integration of all components. 
In the traditional transmission architecture, the DAC produces 
a current, which flows through a load resistor to generate a 
voltage. The voltage goes through the LPF and is converted back 
to current for chopping. In mixer mode, the mixer switches and 
DAC switches are combined so the signal processing is more 
straightforward. The basic idea of the mixer mode function is 
shown in Figure 3. At every clock cycle, a current-steering DAC 
creates a current pulse whose amplitude is proportional to the 
input digital data word. The mixer mode function generates half- 
clock-cycle-wide current pulses at both rising and falling edges 
of the DAC clock where the output current sign is positive/ 
negative. This mixer mode function enables synthesis of high IF 
and RF signals directly out of the DAC while utilizing a relatively 
low update rate. Figure 3 shows the difference between a DAC 
operating in the mixer mode and a normal DAC in frequency 
domain. In the case of a normal DAC, the signal of interest is 
located in the first Nyquist zone, with images in the second and 
higher Nyquist zones occurring at lower power and amplitude. 
With the mixer mode function enabled, the power of the images 
located in the second and third Nyquist zones are boosted to be 
the strongest (f DAC ± f 0UT ) in the output spectrum. A band-pass 
filter can be employed to select either the upper or lower side 
band signal. 

Some advantages of a transmit DAC operating in the mixer 
mode are 

• Simplification of system level design and reduction in the 
number of components, requiring less board space. 

• A higher level of transmit path integration for lower system 
cost and better reliability. 

• Better transmit signal linearity through the elimination of the 
extra current-voltage-current conversions associated with 
external mixer stages. 




Figure 1. 



FREQUENCY DOMAIN COMPARISON OF 
MIXER MODE DAC AND NORMAL DAC 




Figure 2. 



TIME DOMAIN COMPARISON OF MIXER 
MODE DAC AND NORMAL DAC 




Figure 3. 
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Transmit DACs Selection Table 

Analog Devices' portfolio of TxDAC® transmit DACs with the mixer mode functionality includes the following: 



Part Number 


Resolution (Bits) 


Sampling Rate (MSPS) 


Output Logic 


Price ($U.S.) 


AD9741 


8 


250 


LVCMOS 


6.49 


AD9743 


10 


250 


LVCMOS 


8.11 


AD9745 


12 


250 


LVCMOS 


10.13 


AD9780 


12 


600 


LVDS 


16.00 


AD9746 


14 


250 


LVCMOS 


13.25 


AD9781 


14 


600 


LVDS 


20.00 


AD9747 


16 


250 


LVCMOS 


15.90 


AD9783 


16 


600 


LVDS 


22.50 



nanoDkC® Family Delivers Power and Space Savings Without Sacrificing Performance 

There is a growing need for smaller industrial and communications systems, and design engineers increasingly require reduced 
form factors for all components. However, this reduction in component size and power cannot compromise performance. ADI 
addresses these needs with the nanoD/KC family of tiny-packaged DACs. The latest nanoD/KC device is the AD5664R, a 16-bit 
quad DAC that realizes a 70% reduction in board space over similar solutions, and also integrates an on-chip 5 ppm/°C reference. 
The combination of performance, integration, small footprint, and power consumption of only 5 mW at 5 V is ideal for designers 
of PLC cards, analog I/O boards, and many other space-constrained systems. The AD5664R is part of a family of 12-bit, 14-bit, 
and 16-bit pin-compatible DACs, available in both dual and quad configurations. 



Part Number 


Description 


Max Power @ 5 V (jjlA) 


Price ($U.S.) 


AD56x4 Family, 12- Bit/14- Bit/1 6-Bit Quad DACs in 3 mm x 3 mm Package 


AD5664R 


4-channel, 16-bit, 5 ppm/°C on-chip reference, 
in 10-lead MSOPand 10-lead QFN 


900 


10.45 


AD5644R 


4-channel, 14-bit, 5 ppm/°C on-chip reference, 
in 10-lead MSOPand 10-lead QFN 


900 


7.95 


AD5624R 


4-channel, 12-bit, 5 ppm/°C on-chip reference, 
in 10-lead MS0P and 10-lead QFN 


900 


5.99 


AD5664 


4-channel, 16-bit, in 10-lead MS0P and 10-lead QFN 


900 


9.95 


AD5624 


4-channel, 12-bit, in 10-lead MS0P and 10-lead QFN 


900 


5.49 


AD56x3 Family, 12- Bit/1 4- Bit/1 6-Bit Dual DACs in 3 mm x 3 mm Package 


AD5663R 


2-channel, 16-bit, 5 ppm/°C on-chip reference, LDAC, CLR, 
in 10-lead MS0P and 10-lead QFN 


450 


5.50 


AD5643R 


2-channel, 14-bit, 5 ppm/°C on-chip reference, LDAC, CLR, 
in 10-lead MS0P and 10-lead QFN 


450 


4.75 


AD5663 


2-channel, 16-bit, LDAC, CLR, in 10-lead MS0P and 10-lead QFN 


450 


5.05 


AD5623R 


2-channel, 12-bit, 5 ppm/°C on-chip reference, LDAC, CLR, 
in 10-lead MS0P and 10-lead QFN 


450 


2.49 



For samples and data sheets, visit www.analog.com/V8DAC 
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New Direct Digital Synthesizer IC Features Programmable Modulus 
for Exact Frequency Tuning 

The programmable modulus function is a modification of the typical accumulator-based DDS architecture that enables DDS to be used 
in "any rate" applications. A typical accumulator-based DDS recursively sums the digital input tuning word at the rate of the sample 
clock. This produces a time series of digital words at the output of the accumulator. They increase linearly until the accumulator rolls 
over at its maximum value of 2P Hence, the accumulator output has a fixed modulus of 2? 

The frequency of the sinusoid that appears at 
the DAC output for a typical accumulator-based 
DDS is given by the following equation: 



Mi 

2C 



The synthesized frequency, f , is a fraction of the 
sampling frequency, f s , according to the rational 
expression, M/2 C , where both M and C are 
positive integers. The integer, M, is often referred 
to as the frequency tuning word. Since M, by 
definition, is an integer, then f is constrained to 
the set of frequencies: 



PROGRAMMABLE MODULUS DDS ARCHITECTURE 



TUNING 
WORD (X) " 



MODULUS (N) - 



MODIFIED ACCUMULATOR 



MODULUS 
CONTROL 
LOGIC 



ANGLE TO 
AMPLITUDE 
CONVERSION 



AD9913 



fo 



:{0A 



2f, 3f, 



2C 2 C 2 C 



2 C-1. 



2 c 



lis} 



APPLICATIONS 

1 Portable and handheld • Programmable clock generator 

» FM chirp source for radar and 
scanning systems 



equipment 
1 Agile LO frequency synthesis 



$9.65 



This constrained set of frequencies prevents exact frequency tuning, which can cause problems in some applications. But what if the 
accumulator modulus were made adjustable? It seems reasonable to assume that an adjustable accumulator modulus would allow 
the use of an arbitrary integer rather than the fixed integer (2 C ) in the denominator of the F equation. This flexibility is exactly what the 
programmable modulus of the AD9913 DDS architecture offers (see figure above). 

In addition to low power dissipation, the AD991 3 is the first of ADI's accumulator-based DDS products to offer programmable modulus 
architecture. Although the underlying function of the programmable modulus technique is to alter the accumulator modulus, the actual 
implementation is more complicated. This complication arises from the fact the angle-to-amplitude converter must receive values 
that are scaled to span a full power-of-two. The AD991 3 solves this problem by effectively incorporating a second accumulator. The 
programmable modulus function enables signal generators to be programmed to very precise frequencies, and also makes DDS a 
desirable option for the generation of standard network clocks. Both of these are applications that present strict requirements for 
frequency accuracy. 



Industry's Most Accurate Low Voltage Buffered Quad DAC Offers 1 LSB INL at 16 Bits 



Ideal for precision multichannel I/O systems, the AD5064 is a quad, 16-bit DAC 
with 16-bit accuracy over a V to 5 V output span — delivering a total unadjusted 
error of less than ±2 mV in a compact 14-lead TSSOP package. The device is also 
available in 16-lead TSSOP with individual reference pins allowing each DAC the 
flexibility to be driven with a different reference voltage, if necessary. In addition, 
the device is extremely flexible and provides many convenient control features 
such as pin-selectable reset/power-on to midscale or zero-scale, hardware LDAC 
and CLR pins, and a programmable CLR function to allow the user to select clear 
options. Other features include LDAC override to allow only selected channels to 
be synchronously updated, an SDO pin to allow daisy chaining of multiple devices, 
and a per-channel power-down feature. Pin-compatible 12-bit and 14-bit versions 
are also available — ensuring easy upgrade or downgrade options. 



AD5064 Features 

• Resolution: 16-bit 

• 1 LSB INL and DNL 

• Pin-compatible: 12-bit (AD5029), 
14-bit (AD5044) 



On-chip reference buffer and output 
amplifier 

Packaging: 14-lead, 16-lead TSSOP 



low Voltage Quail DAG 
Offers ± USB INL @ 16 Bits 




AD5064 



APPLICATIONS 

• Multichannel PLC/DCS systems 
1 Programmable attenuators 
1 Gain and offset calibration 



$11.50 
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Integrated Single Chip DAC IC Families with Current Output Improve Reliability 
and Data Quality in Process Control Equipment 

In a host of automation systems — from mining to petrochemical refinement — industrial applications require solutions to 
address the growing demand for robust, reliable, and high performance process control instruments. Minimal component count, 
operation over large temperature and supply tolerances, and performance are also key in addressing challenges in an increasingly 
competitive and safety conscious marketplace. 

Solution 

ADI leverages its over 40-year industrial market heritage to deliver the two new families of DACs that help solve these process 
control challenges. The AD54xx is a family of highly integrated, 12-bit and 16-bit digitally controlled current ICs. These products 
handle standard 4 mA to 20 mA data transmission and diagnostic requirements with user-programmable current mode output 
configurations, eliminating bulky discrete analog drive and fault detect circuitry — thereby increasing the reliability of the system. 

Enabled by ADI's proprietary /CMOS® manufacturing process technology, the AD5420 features software-selectable current output 
ranges of 4 mA to 20 mA, mA to 20 mA, or mA to 24 mA. The device operates from single-supply voltages of 10.8 V to 60 V to 
facilitate reliable factory communications over large cabling distances. Analog outputs can drive resistive loads up to 1 .5 kfl and 
inductive loads of 1 H. The AD5420 boasts 0.1% TUE (total unadjusted error), 5 ppm/°C output error drift, and only 0.01% linearity. 
Internal fault detection circuitry provides hardware and software indication of 
system faults such as opens in cable wiring or overtemperature conditions. 
The part also integrates a digital slew rate control feature to reduce the rate of 
change of the output in systems with large cabling and an asynchronous CLEAR 
pin for output control during power-up/power-down conditions. The flexible serial 
interface is SPI and MICR0WIRE compatible and can be operated in 3-wire mode 
to minimize the digital isolation required in isolated systems. The AD5410 is a 
pin-compatible, 12-bit device. 

Current Source and Voltage Output DACs 

The AD5422 and AD5412 are, respectively, 16-bit and 12-bit current source 
and voltage output DACs and operate from a single 1 2 V to 48 V supply, or dual 
±12 V to ±24 V supplies. All devices in the AD54xx family integrate a precision 
5 ppm/°C reference and are specified over the extended industrial temperature 
range of -40°C to +105°C. Both are available in LFCSP and TSS0P packaging. 





APPLICATIONS 

1 Process control instruments 
1 Distributed control systems 
1 4 mA to 20 mA transmitters 



AD5420 Features 

• Resolution: 16-bit 

• Current output: 0.1% TUE 

• Drive capability: 1 .5 kn, 1 H 

• Integrated 5 ppm/°C reference 



On-chip fault detection 

Asynchronous output control 

Package: 24-lead TSSOP, 
6 mm x 6 mm LFCSP 



Part 
Number 


Resolution/Configuration 


Compliance (V) 


Accuracy 
(TUE) 


Price 
($U.S.) 


AD5422 


1 6-bit, 4 mA to 20 mA current source and voltage output DAC 


±12 to ±24,10.8 to 40 


0.1% 


4.95 


AD5412 


12-bit, 4 mA to 20 mA current source and voltage output DAC 


±12 to ±24,10.8 to 40 


0.3% 


3.79 


AD5420 


16-bit, 4 mA to 20 mA current source DAC 


10.8 to 60 


0.1% 


4.32 


AD5410 


12-bit, 4 mA to 20 mA current source DAC 


10.8 to 60 


0.3% 


3.35 




"Data Conversion Applications and Solutions for Precision 
Process Control" at www.analog.com/onlineseminars. 



For samples and data sheets, visit www.analog.com/V8DAC 
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Industry's Highest Performance Quad ±5 V Digital-to-Analog Converter 



The AD5765 DAC offers a significant step forward for makers of measurement and data acquisition equipment for which 
full 16-bit performance, high integration, and small footprint are important requirements. The introduction of the AD5765 
means that designers no longer have to spend time compensating for unwanted effects in the system, making the design task easier 
and more efficient. Enabled by ADI's /CMOS technology, the AD5765 achieves a threefold improvement in accuracy over previously 
available high voltage DACs while using 50% less board space. This ±5 V, quad, serial input, bipolar voltage output DAC features 
16-bit resolution, 1 LSB INL, 1 LSB DNL, and gain and offset calibration of less than 1 mV. In addition, the device integrates features 
essential to reducing design time and overall system cost. The 
features include an on-chip reference buffer, low headroom/ 
wide swing amplifier, power-on reset, power-on/power-off output 
control, and I/O lines. The AD5765 is ideal for both closed-loop 
servo control and open-loop control applications. The AD5765 is 
available in a 32-lead TQFP and offers guaranteed specifications 
over the -40°C to +85°C industrial temperature range. Also 
available are a dual channel version (AD5763), as well as 14-bit 
and 16-bit versions with integrated references. 




/CMOS 

INDUSTRIAL 



Bipolar, 16-Bit Quad DOG 



» im DEVICES 

£ AD5765 
S 16- Bits 



Part 
Number 


Description 


Number 
of DACs 


Supply 
(V) 


Price 
($U.S.) 


AD5765 


16-bit, 1 LSB DAC 


4 


±5 


16.50 


AD5763 


16-bit, 1 LSB DAC 


2 


±5 


11.40 


AD5764R* 


16-bit, 1 LSB DAC 


4 


±15 


27.50 


AD5762R* 


16-bit, 1 LSB DAC 


2 


±15 


16.80 


AD5744R* 


14-bit, 1 LSB DAC 


4 


±15 


23.60 



• 1 LSB INL, 1 LSB DNL 

• Dual channel version available 

• Asynchronous output control 



/CMOS 

INDUSTRIAL 



*(R) denotes integrated precision 10 ppm (max) reference. 



APPLICATIONS 

1 Open and closed-loop servo control 

• Data acquisition systems 

• Automatic test equipment 
' High accuracy instrumentation 



Quad Channel, 256-Position Digital Potentiometers Reduce Board Space 
and Provide Design Flexibility 

Multichannel digital potentiometers not only save board area but provide design flexibility as each channel can be configured as 
a variable resistor (rheostat) or as a voltage divider (DAC) allowing a single device to solve multiple design challenges. The AD5204 
is a multichannel device that provides four 256-position digital potentiometers in a space-saving 5 mm x 5 mm QFN package. 

Analog Devices provides a broad family of multichannel digital potentiometers offering different interfaces, resolutions, and 
memory options. 



Part 
Number 


Number 
of Channels 


Number of 
Positions 


Memory 
Type 


Interface 


Resistor 
Values (ka) 


Voltage 
Range (V) 


Temperature 
Range (°C) 


Price 
($U.S.) 


AD5203 


4 


64 


Volatile 


SPI 


10,100 


5.5 


-40 to +85 


1.45 


AD5204 


4 


256 


Volatile 


SPI 


10, 50,100 


±3, 5.5 


-40 to +85 


1.50 


AD8403 


4 


256 


Volatile 


SPI 


1,10, 50,100 


5.5 


-40 to +125 


2.76 


AD5263 


4 


256 


Volatile 


SPI, PC® 


20, 50, 200 


±5, 15 


-40 to +125 


2.55 


AD5206 


6 


256 


Volatile 


SPI 


10, 50,100 


±3, 5.5 


-40 to +85 


1.92 


AD5233 


4 


64 


Nonvolatile 


SPI 


1,10, 50,100 


±3, 5.5 


-40 to +85 


2.47 


AD5253 


4 


64 


Nonvolatile 


PC 


1,10, 50,100 


±3, 5.5 


-40 to +85 


2.46 


AD5254 


4 


256 


Nonvolatile 


PC 


1,10, 50,100 


±3, 5.5 


-40 to +85 


2.55 
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Multioutput Clock Generators Improve System Reliability and Reduce Costs 



ADI's AD9517-X series of low phase noise multioutput clock generators provides 
all critical timing functions on a single IC and at jitter levels less than 500 fs 
(femtoseconds) rms. These products reduce BOM costs, board space, and 
eliminate the reliability issues of standalone VCOs by integrating a PLL synthesizer, 
two reference inputs, a VCO, programmable dividers, adjustable delay lines, and 
clock drivers replacing multiple discrete components. The selectable logic and 
flexible frequency output combinations are perfect for clocking multiple system 
components, including DACs, ADCs, FPGAs, and others. 

Following the success of the AD9516-X, the AD9517-X and AD9518-X derivatives 
are now available in a smaller packages and with different output channel 
variations. To further meet customer needs, five versions of each device are 
available to support multiple VCO tuning ranges from 1 .45 GHz to 2.95 GHz. 



Part 
Number 


Outputs 


Dividers 


Delay 
Lines 


Package 


Price 
($U.S.) 


AD9516-X 


6 LVPECL, selectable 
4 LVDS or 8 CMOS 


5 


4 


64-lead LFCSP, 
9 mm x 9 mm 


12.50 


AD9517-X 


4 LVPECL, selectable 
4 LVDS or 8 CMOS 


4 


4 


48-lead LFCSP, 
7 mm x 7 mm 


11.40 


AD9518-X 


6 LVPECL 


3 


None 


48-lead LFCSP, 
7 mm x 7 mm 


9.85 




AD9517 



J DIVIDER 
















-j DIVIDER 









4 LVPECL OUTPUTS 



4/8 LVDS/CMOS OUTPUTS 



-j DIVIDER 


- r 




I 1 





Low Jitter Clock Buffers Improve Data Converter Performance 

Today's high speed, high performance data converters are able to sample very 
high frequency signals with great accuracy. To do so reliably, however, requires 
an extremely low jitter clock source driving the converter's clocking input pins. 
With growing demand for increased system speed and precision, it is no longer 
realistic to rely on a single centralized clock source — that is passively routed on 
a printed circuit board — to deliver a sufficiently low jitter clock to data converter 
stages. ADI's new family of low jitter clock buffers, when situated in the clock 
tree scheme, solves this problem by delivering a strong, clean clock signal 
throughout the system. This buffering function optimizes converter performance 
and signal fidelity for high performance applications such as communications, 
digital imaging, and other equipment that processes real-world analog signals. 
ADI's family of clock buffers delivers fast edges and contributes less than 
60 fs of additional jitter. 

31 1 

^ "Performance Clocks: Demystifying Jitter" is available at 
www.analog.com/onlineseminars. 



Part 
Number 


Number 
of Inputs 


Number of 
Outputs 


Max Clock 
Input (GHz) 


Output Logic 


Wideband Random 
Jitter (ps rms) 


Price 
($U.S.) 


ADCLK905 


1 


1 


6 


ECL, PECL, LVPECL 


0.06 


5.60 


ADCLK907 


2 


2 


6 


ECL, PECL, LVPECL 


0.06 


6.75 


ADCLK914 


1 


1 


6 


High voltage differential 
signaling (HVDS) 


0.1 


6.95 


ADCLK925 


1 


2 


6 


ECL, PECL, LVPECL 


0.06 


5.95 
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Introducing the Industry's Most Accurate Voltage/Current Output Driver /CMOS 
for Industrial Control Systems 

The AD5750 and AD5751 are single channel, high performance, voltage/current output drivers with 
hardware- or software-programmable output ranges. The AD5750 operates from industry-standard ±12 V to 
±24 V supplies and delivers 5 ppm/°C output drift, 0.01% linearity, and 0.1% TUE (total unadjusted error). The output 
configuration is software-selectable from options of 5 V, 10 V, ±5 V, and ±10 V in voltage mode and 4 mA to 20 mA, 
mA to 20 mA, mA to 24 mA, and ±20 mA and ±24 mA in current mode. All output spans include an additional 
overrange setting. 



Analog outputs are short-circuit and open-circuit 
protected and can drive capacitive loads of 
1 ijlF and inductive loads of 0.1 H. The AD5750 
integrates packet error checking (PEC) to verify 
that interface data has been correctly received 
in the presence of noise — useful in industrial 
environments where data communications 
corruption can occur. The device also includes 
an asynchronous CLEAR pin that sets the 
outputs to zero-scale/midscale in voltage mode 
or the low end of the selected current range in 
current mode. The AD5751 operates with single 
supplies of 1 2 V to 60 V and features unipolar 
voltage and current mode output configurations. 
Both devices are specified over the -40°C to 
+105°C extended industrial temperature range 
and are housed in a 5 mm x 5 mm LFCSP 
package. Chip fabrication is on ADI's /CMOS 
process technology. 

AD5750/AD5751 Features 

• Software-programmable V/l outputs 

• On-chip diagnostics 

• 0.1% TUE 

• 5 ppm/°C output drift 

• Asynchronous output control 

• Package: 32-lead, 5 mm x 5 mm LFCSP 



Output Drivers for 
Industrial Designs 




AD5750 
AD5751 



APPLICATIONS 

• PLC/DCS systems 

• Actuator control 

• Data acquisition systems 



$2.45 
$3.02 
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The megapixel race 
a chip designer's 
point of view 

AS CMOS IMAGE SENSORS HAVE MIGRATED FROM LOW-END 
APPLICATIONS TO MULTI MEGAPIXEL CAMERAS, EMPHASIS 
HAS SHIFTED FROM INTEGRATING DIGITAL CIRCUITS TO THE 
FUNDAMENTAL DESIGN OF THE PIXEL ITSELF 



During the operating, or integration, mode, vis- 
ible photons generate electrons in the pixel cell 
of a CMOS image sensor. The pixel collects the 
electrons and then translates the accumulated 
charge to voltage signals that serve as an out- 
put. Expressing this process quantitatively, pixel 
responsivity is the relation between the electrical signal and 
its exposure to light (V/luxXsec). "Full-well capacity" is the 
number of electrons that the pixel can collect. Dynamic range 
is roughly the number of resolvable gray levels, which you cal- 
culate by dividing the maximum signal by the minimum de- 
tectable signal and usually report in decibels. 

Thermally generated electrons are obviously enemies of im- 
age sensors, because the pixel collects them along with optical- 
ly generated electrons; they steal well capacity and add noise. 
Thus, the rate of the electrons' thermal generation within the 
pixel, or "dark current," is a major performance measurement 
that you generally report in electrons per second. Pixel devel- 
opment requires simultaneous optimization of all of the above 
parameters, along with a few additional ones — a major chal- 
lenge within the world of pixel design. 



Inside each pixel are a light-sensitive diode and at least 
three transistors. As resolution increases, transistors must be 
very small to allow as much area as possible where the diode 
can collect light. That necessity requires advanced CMOS 
processes. But in processes of 180 nm or less, transistors need 
strong well implants and shallow source-and-drain implants 
that cause higher junction leakage and eventually increase the 
dark current in the CMOS pixel array. Also, STI (shallow- 
trench isolation) between the transistors causes stress and in- 
creases the number of defects within the silicon, which again 
gives rise to higher dark current. To understand the complex- 
ity of this problem, explore the operation of a pixel and then 
look at optimizations. 

OPERATING PRINCIPLES 

Figure 1 shows a pixel with three transistors and a photo 
diode. A photon hits the silicon, generating an electron and 
a hole. This electron-hole pair travels together in the sili- 
con until it encounters an electric field, in which the elec- 
tron moves toward the higher voltage, and the hole migrates 
to ground. Within the CMOS pixel, a photo diode — usually 
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Figure 1 A typical CMOS pixel has three transistors and a photo diode (a). Typical "rolling-shutter" timing samples the signal twice (b). 



JUNE 12, 2008 | EDN 57 



M1 CONNECTION 
BETWEEN PHOTO DIODE 
AND SOURCE FOLLOWER 





CIS 
DEDICATED 
P WELL 



(a) 



(b) 



Figure 2 A cross-section of a typical CMOS-image-sensor front end adds no process steps on top of the plain-vanilla CMOS (a). A 
state-of-the-art CMOS-image-sensor front end adds three front-end-process steps (b). 




OUT 







(a) 



FLOATING- SELECT* 
DIFFUSION- 
SENSING NODE 

EXTERNAL 
^ COLUMN LOAD". "=±=" 

FULLY PINNED 

PHOTO DIODE 



Figure 3 An electrical diagram of a four-transistor pixel has a fully 
pinned photo diode (a) that you can view in cross-section along 
with the transfer-gate transistor (b). In a typical timing diagram 
for a four-transistor pixel, the integration starts by activating the 
reset and transfer-gate transistors and setting the diode to its 
pinned potential (c). 

an N-type implant in a P-type region — generates the separat- 
ing electric field. 

The photo electrons accumulate in the diode and cause 
a drop in voltage that is proportional to their number. The 
number of photo electrons is, in turn, proportional to the pho- 
ton flux. Thus, the voltage drop in the diode is proportional 
to the photon flux. To increase this signal pixel, designers em- 
ploy quantum efficiency — increasing the number of electrons 
for a given photon flux. They also try to increase the voltage 
drop on the diode for a given charge. This value is the "pixel- 
conversion gain," and it is inversely proportional to the photo 
diode's capacitance. 

You optimize the quantum efficiency of a photo diode by en- 
gineering it so that its electric field penetrates deeply into the 
silicon. This step is important for photons in the green-to-red 
spectrum, because photons with longer wavelengths tend to 
penetrate deeper into the silicon. It helps to replace the stan- 
dard starting material with low-doped, P-type epitaxial mate- 
rial grown on P ++ substrate. 

In the first generation of the three- transistor pixel, design- 
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ers made the diode by implanting the regular PMOS N well 
into the P substrate (Figure 2a). Another common approach 
was to use the N ++ of the NMOS- transistor source-and-drain 
implant. Although these options are fully compatible with the 
regular CMOS process, the resulting diode exhibits poor per- 
formance. For example, using a large N-well diode, which you 
need for good collection of photo electrons, causes the pixel 
capacitance to be excessive. Thus, the overall efficiency of 
translating photon flux to voltage drops becomes lower than 
necessary. 

Another serious problem with diodes that are based on 
CMOS implants is their typical dark current. Dark current af- 
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Figure 4 An electrical diagram of a two-shared configuration uses mature pinned-photo-diode technology, arranging the photo diodes 
and their associated transfer-gate rows. There is one reset, one select, and one source-follower transistor for each group of pixels in 
two consecutive rows (a). A four-shared configuration uses mature pinned-photo-diode technology, arranging the photo diodes and 
their associated transfer gates in a 2X2 configuration. There is one reset, one select, and one source-follower transistor for each 
group of pixels in two consecutive columns and rows (b). 



fects the noise floor of the pixel and thus determines the low 
level of illumination a pixel can integrate and still have mean- 
ingful data- For good image quality, it must be smaller than 
lOOe/sec per pixel, where e is electrons. You can set much low- 
er and more aggressive values than the in-room temperature 
to ensure that the dark current does not deteriorate the image 
quality — even at 60°C. The dark current depends on several 
factors: the diode temperature, the number of silicon defects 
near the diode's electric field, and the electric-field strength. 

Because regular CMOS implants are not optimized for low 
leakage, they usually exhibit a dark current of approximate- 
ly lOOOe/sec for the N-well implant (one order of magnitude 
higher than needed) and even higher for a source-and-drain 
implant. The situation is even worse, because the N ++ im- 
plants induce defects in the surrounding silicon. The implant 
anneal typically cures these defects, but, when you try to man- 
ufacture several-megapixel arrays, some of the N ++ diodes 
have significantly higher dark current than the average. Such 
pixels with excessive dark current appear in a black picture as 
twinkling or shining stars. Because our eyes are immediate- 
ly drawn to high-frequency perturbation in the image, these 
leaky pixels ruin the overall image quality; if they cluster to- 
gether, they make the entire chip unusable. 

THE PIXEL TRANSISTORS 

The role of the source-follower transistor in the pixel is to 
decouple the photo diode from all other pixels that connect 
to the same column-output line. When the row-select transis- 
tor is open, the column-current source maintains a few micro- 
amps in the source-follower transistor. In theory, the source- 
follower transistor will support this current as long as the 
voltage at its source is V s =G SF XV pD — V TRSF , and V pD >V TRSF , 
where G SF is the source-follower gain, V pD is the photo-diode 
voltage, and V TRSF is the source-follower threshold voltage. In 



an ideal case, V s is linear with V pD . However, in a typical logic 
transistor V TRSF increases with V s , making the first equation 
highly nonlinear and reducing the dynamic range of the pixel. 
A common approach to this problem is to replace the P-well 
implants of the logic transistors with a carefully designed new 
P well that makes the source-follower transistor immune to 
this effect. 

Figure 2 illustrates a first-generation three-transistor pixel 
with no additional masks, compared with a state-of-the-art 
pixel requiring three additional masks. You use the first mask 
for a special photo-diode N" implant, which gives the exact 
capacitance for a given pixel design. The second mask is a P + 
mask that prevents electric fields from reaching the surface, 
significantly reducing the dark current. Notice that, because in 
a three-transistor design, you need to directly connect the pho- 
to diode and source-follower transistor, the P + implant does 
not cover a small region near the diode's contact. This diode 
is partially buried. The P + implant also creates another separa- 
tion field near the diode surface, which helps to increase the 
quantum efficiency for blue photons. 

The third mask reduces the body effect of the source -follow- 
er transistor, making its threshold voltage immune to changes 
in source voltage. These changes apply only in the pixel array; 
the array periphery, including controls, ADCs, and DSP, still 
uses the well-established and optimized logic-CMOS process. 

The main problem that makes the three-transistor pixel un- 
usable for small pixels is that, as the number of photons avail- 
able for collection decreases, the signal decreases. To maintain 
the same SNR (signal-to-noise ratio), you must suppress noise 
sources. 

The main noise source in dark areas, once you suppress the 
dark current, is the so-called reset noise. Referring back to 
Figure lb, you begin integration by setting the photo diode 
to high voltage by pulsing the reset transistor. When the re- 
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Figure 5 A typical CMOS image sensor uses three metal layers inside the pixel and 
four layers of metal in the periphery (a). The angle of incidence of light depends on 
the pixel's location in the array- whet her for a standard CMOS back end (b) or an 
optimized CMOS-image-sensor back end (c). 



set transistor returns to idle, the diode 
starts collecting photons, and its voltage 
decreases- At the end of the integration 
time (S^, the output voltage copies to 
an analog memory in the column circuit- 
Again pulsing the reset gate sets the di- 
ode to high voltage, which copies to an- 
other analog memory (S 2 ) in the column 
amplifier. 

The photon flux is theoretically pro- 
portional to the difference between these 
two voltages that the analog memory 
stores- But, because the start-of-integra- 
tion-reset event and the read-reset event 
can't be simultaneous, the sample of di- 
ode high voltage that the system sends to 
the column amplifier is not exactly equal 
to the diode voltage at the beginning of 
integration, significantly contributing 
to noise- The common way to eliminate 
this noise is to use a four- transistor pixel 
and a fully pinned photo diode. 

THE FOUR-TRANSISTOR PIXEL 

Figure 3 a shows a four- transistor 
CMOS-image-sensor pixel, including 
a fully pinned photo diode. The fully 
pinned diode has relatively small free- 



charge capacity. The construction of 
the diode is similar to that of the par- 
tially buried photo diode in Figure 2b 
but with one significant change: There 
is no contact between the photo diode 
and source-follower transistor, virtually 
eliminating the surface contribution to 
dark current. 

With a fully pinned and properly de- 
signed photo diode, all free electrons 
from the diode flow out when the reset 
and transfer-gate transistors are active. 
In that case, the potential in the diode 
reaches its minimum value — the pinned 
potential, which it reaches repeatedly 
every time you evacuate all electrons 
from the diode. This feature enables 
noise reduction and is the main advan- 
tage of the fully pinned photo diode over 
conventional diodes. 

Figure 3 c illustrates proper four- tran- 
sistor-pixel operation. The integration 
starts by activating the reset and trans- 
fer-gate transistors and setting the diode 
to its pinned potential. After integration, 
the reset transistor activates and sets the 
floating-diffusion capacitor to high volt- 
age and copies this voltage to the first 



memory bank at the column circuit- 
Opening the transfer-gate transistor then 
transfers the photo electrons to the float- 
ing-diffusion capacitor. The resulting 
voltage of the capacitor then copies to 
the second memory bank at the column 
circuit. You calculate the photo signal by 
subtracting the signal voltage from the 
reset voltage. Although the reset voltage 
is noisy because its value fluctuates every 
time you reset the floating-diffusion ca- 
pacitor, the photo signal itself is noise- 
free, as long as you get all electrons in the 
photo diode into the capacitor. 

To ensure low-noise operation, this 
cycle must collect all the electrons from 
the diode through the link region be- 
tween the diode and the transfer gate. 
This task is the main optimization duty 
for a four-transistor pixel. Pixel design- 
ers do this optimization by changing the 
layout and the implant. This scheme is 
not scalable in any way, and you have to 
start almost from scratch for each new 
pixel-size design. 

Another optimization of a typical four- 
transistor design is the reduction in tem- 
poral noise of the source-follower tran- 
sistor, which becomes dominant when 
you've eliminated other sources. The 
transistor noise is mainly due to defects 
in its gate oxide and on the shallow- 
trench- isolation interface with silicon. 
To reduce or eliminate these defects, 
you must open the most difficult process 
modules in a given CMOS-process node 
and reoptimize them. But, as pixels be- 
come smaller, this activity becomes inev- 
itable to keep SNR constant. 

FURTHER OPTIMIZATION 

One way of retaining both a big di- 
ode and a big optical opening in a small 
pixel is to share several photo diodes 
and their associated transfer gates with 
one floating-diffusion capacitor, one re- 
set transistor, one source-follower tran- 
sistor, and one row-select transistor. 
Figure 4a shows a "two-shared" pixel. 
In this example, there are five transis- 
tors on two photo diodes, resulting in 
2.5 transistors per diode, an even bet- 
ter ratio than that of the three-transis- 
tor pixel. This configuration is benefi- 
cial for pixels larger than 2.5 microns. 
For smaller pixels, a "four-shared" con- 
figuration with only 1.75 transistors per 
photo diode is common (Figure 4b). 
Although it seems attractive to increase 
the number of shared photo diodes and 



hence to decrease the photo- insensitive 
area, there is a physical limit to doing 
so. The floating-diffusion capacitance 
tends to increase linearly with the num- 
ber of shared transfer gates, causing a 
decrease in pixel responsiveness. 

THE OPTICAL STACK 

You know how to modify the pixel 
front end of an ordinary CMOS process 
to increase response and reduce pixel 
noise. In parallel, innovative efforts are 
under way to optimize the pixel's optical 
stack, thus improving the optical path to 
the silicon. 

Figure 5a shows the typical back-end 
scheme of a CMOS image sensor. A typ- 
ical CMOS image sensor uses three met- 
al layers inside the pixel and four layers 
of metal in the periphery. The passiv- 
ation layer typically comprises oxide and 
nitride and resides above the last inter- 
dielectric layer — D4 in the case of the 
four-level metal stacks. The red, green, 
and blue polymeric filters, which are re- 
sponsible for the color reproduction of 
the images, reside above the passivation 
layer. (A single pixel without a color fil- 
ter can provide only monochrome infor- 
mation.) The micro lens that directs the 
light into the photodiode resides above 
the color filter. 

The microlens must cover most of the 
pixel area to gather even the light that 
impinges on the periphery of the pixel. 
However, producing the microlenses 
with no space between them is difficult 
and usually results in some photo-re- 
sponse nonuniformity: the main noise 
source in medium to high illuminations. 
Second, you must determine the height 
of the microlens. Here, you choose a fo- 
cus point between Ml and M2 of the 
pixel. Because the focus point is a func- 
tion of microlens curvature, itself a func- 
tion of pixel size, microlens space, and 
microlens height, pixel designers must 
repeat the optimization of the focus 
point for each reduction of pixel size. 

The angle of incidence of light de- 
pends on the pixel's location in the array. 
The pixels near the edges of the array get 
most of their light at some angle to the 
optical axis, so the focus point for these 
pixels is not in the center of the pixel. 
The shift depends heavily on the height 
of the total stack between the microlens 
and the silicon surface (Figure 5b). 

Two improvements can help. Design- 
ers can shift the optical axis of the mi- 
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crolens at the center of the photo diode 
within the middle of the array by the 
needed amount to direct angled rays to 
the diode's center. This operation is sim- 
pie, but it requires good simulation tools 
and knowledge of the lens system of the 
final camera- Designers can also reduce 
the stack height by decreasing the metal 
and interdielectric thicknesses- This task 
is complicated and, by definition, chang- 
es major characteristics of the baseline- 



CMOS process. It also requires addition- 
al qualification of the technology. The 
change is so far-reaching that some of 
the CMOS modules in the periphery re- 
quire redesign. 

Some CMOS-image-sensor companies 
have recently moved to copper back-end 
processes. For copper, the interdielectric 
layers comprise layers of oxide and nitride. 
Because this structure is built exactly like 
an interference filter, some of the visible 



spectrum photons cannot reach the sur- 
face, making a copper CMOS back end 
unsuitable for image sensors. The main 
reason to move to a copper-back-end pro- 
cess is the availability of fine- lithography 
features with CMOS technology based 
on copper. To adapt this advanced fab- 
rication technique to CMOS image sen- 
sors, a special process replaces the nitride 
layers in the interdielectric with oxide. 

Bringing the light from the chip sur- 
face to the diode is one of the biggest 
unsolved tasks for pixels of less than 1 
micron. Companies are trying to imple- 
ment radical changes into their processes 
to design even smaller pixels. Consid- 
er the back-side-illumination scheme, 
which companies base on photons com- 
ing from the back side of the silicon — 
to the pixel — without encountering the 
pixel-metallization layers. A different yet 
novel approach is to use a wave-guiding 
scheme, which you base on the creation 
of miniature structures above each pixel 
to guide the light from the surface of the 
chip to the diode. 

Achieving good CMOS-image-sen- 
sor performance is a complex task. How- 
ever, scientists and engineers are trying 
new and inventive ideas that will no 
doubt produce clearer and crisper im- 
ages using increasingly smaller pixels in 
megapixel- image-sensor arrays. EDN 
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Step-Down Synchronous Controller Operates from Inputs Down 
to 2.2V 

Design Note 443 
Wei Gu 



Introduction 

Many telecommunications and computing applications 
need high efficiency step-down DC/DC converters that 
can operate from a very low input voltage. The high 
output power synchronous controller LT3740 is ideal 
for these applications, converting input supplies ranging 
from 2.2V to 22V to outputs as low as 0.8V with load 
currents from 2Ato 20A. Applications include distributed 
power systems, point-of-load regulation and conversion 
of logic supplies. 

A major challenge in designing a step-down converter 
with low V||\| is that the gate voltage for the N-channel 
MOSFETs is not readily available. The LT3740 solves 
this problem by integrating a DC/DC step-up converter 
for generating its own MOSFET gate drive voltage with 
a small inexpensive external inductor. This function 
permits the use of inexpensive off-the-shelf 5V gate- 
drive MOSFETs, offering up to 3% higher efficiency than 
sub-logic gate-drive MOSFETs and eliminating the need 
for a secondary supply. 

The LT3740 operates at a fixed 300kHz frequency and 
employs valley current mode control to deliver excellent 



transient response and very low on-times. Furthermore, 
a power good signal is available to monitor the output 
voltage. The tracking capability built into XFER can be 
used to implement control of the output voltage when 
ramping upand ramping down. If lessthan0.8Visapplied 
to XFER, the LT3740 uses this voltage as its reference 
for regulation. 

"Dying Gasp" Applications 

The LT3740's low Vin feature makes it a good fit in "dy- 
ing gasp" applications for high reliability computers. In 
these systems, when the power gets cut, a large bank of 
electrolytic capacitors at the input charged to 12V or so, 
serve as input to the power controller. The LT3740 can 
operate down to 2.2V, which allows it to run longer from 
the input capacitors' charged voltage than a controller 
requiring a higher input voltage. This effectively reduces 
the input capacitance requirements, which can save 
significant board space. 

Figure 1 shows a typical application circuit. The LT3740 
circuit, after its input power gets cut, is able to supply the 

XT LI LTC and LTM are registered trademarks of Linear Technology Corporation. 
All other trademarks are the property of their respective owners. 
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Figure 1. "Dying Gasp" Application Circuit 
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load for 40ms as shown in Figure 2. In comparison, the 
outputvoltage would dropoutafter25ms with acontroller 
that shuts down when the input reaches 7V. 

Generate a Negative Voltage from a Low Positive 
Vim 

Figure 3 shows a 2.4V to 14V input to -3.3V at 3A output 
converter. The LT3740 works particularly well in this ap- 
plication due to its wide input voltage range and ability 
to operate down to 2.2V. The LT3740 also operates with 
synchronous rectification, which allows the use of high 
efficiency MOSFETs, instead of less efficient switching 
diodes. 

Wide Input Voltage Range 

The LT3740 offers high efficiency over a wide input volt- 
age range (2.2V to 22V) and produces output voltages 
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Figure 2. Input and Output Voltages Waveforms When Input 
Power is Removed 



as low as 0.8V. The LT3740 employs valley current mode 
control to deliver excellent transient response and very 
low on-times. Figure 4 illustrates low duty cycle wave- 
forms for a 22V input, 0.8V output application at a fixed 
frequency of 300kHz. 

Conclusion 

The LT3740 can operate from low input voltages, pro- 
viding a space- and cost-saving solution over a wide 
input voltage range. The LT3740 is a versatile platform 
on which to build DC/DC converter solutions that use 
few external components and maintain high efficiencies 
over wide load ranges. The integrated step-up regulator 
facilitates true single-supply operation with an input 
voltage as low as 2.2V. 
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Figure 4. LT3740 Low Duty Cycle Waveforms 
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Figure 3. A Positive to Negative Converter 
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Ultralow Noise ADC Driver 

16-bits @ 10MHz 



100Q 
VSAr 



100Q 



100Q 




Rail-to-Rail 
Out 



LTC6404-1 Driving 
LTC2207 16-Bit ADC 



VSAr 
100Q 



FREQUENCY (MHz) 



Rail-to-Rail Output Differential Amplifier 

Getting the most from your high-speed 14- to 18-bit ADCs just got easier. The LTC®6404 provides outstanding dynamic range at 
high speeds. Harmonic distortion is better than -90dB at 10MHz and noise density is just 1.5nV/VHz. With rail-to-rail outputs 
and a low voltage capability, the LTC6404 drives the full input range of today's 3V to 5V differential ADCs using the same supply 
voltage. In addition to driving fully differential signals, the LTC6404 can easily convert single-ended signals to differential. For 
great performance with even higher bandwidth signals, check out all of Linear's new ADC drivers in the table below. 



man 





LTC6403 


LTC6404 


LTC6406 


LTC6401 


LTC6400 


Input 

Frequency 
Range 


DC-15MHZ 


DC-30MHZ 


DC-60MHZ 


DC-HOMHz 


DC-300MHZ 


Gain 


R-set 


R-set 


R-set 


8,14, 20, 26dB 


8,14, 20,26dB 


Distortion 


-95dBc@3MHz 


-92dBc@ 10MHz 


-72dBc@ 50MHz 


-88dBc@ 70MHz 


-81dBc@ 140MHz 


Noise 


2.8nV/VHz 


1.5nV/VHz 


1.6nV/VHz 


2.1nV/VHz 


2.1nV/VHz 


Supply 
Voltage 


2.7V to 5.25V 


2.7V to 5.25V 


2.7V to 3.5V 


2.85V to 3.5V 


2.85V to 5.25V 


Supply 


11mA 


27mA 


18mA 


45mA 


85mA 



▼ Info & Free Samples 
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Free High Speed 
ADC Brochure 



www.linear.com/adcsolutions 
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Are Your Diodes Ideal? 



XT 

Ideal Diode 
Controller 



Current vs. Voltage 




Voltage 
Power vs. Current 




Current 



Our Controllers Turn MOSFETS into Ideal Diodes with 
Lower Voltage Drop, Less Power Loss & Reduced Heatsinking 

Our Ideal Diode controller family reduces forward voltage drop and power dissipation in ORing applications, eliminating the 
heatsinks required by conventional rectifiers. They deliver smooth switchover without chatter, are free from oscillation in load- 
sharing applications, yet respond quickly when needed to block DC current in the reverse state. Our controllers prevent back- 
feeding between supplies and are easily configured to protect against reverse polarity inputs. 



▼ Family of High Voltage Diode Controllers 



▼ Info & Free Samples 



Part No. 


Input 
Supply Range 


Ideal 
Diode 


Fault 
Monitoring 


Package 
(mm) 


Applications 


LTC @ 4354 


-4.5V to -80V 


Dual 


Yes 


2x3DFN-8, 
SO-8 


-48V Distributed Power Systems 

AdvancedTCA Systems 
N+1 Redundant Power Supplies 
High Availability Systems 
Telecom Infrastructure 
Automotive Systems 
Optical Networks 


LTC4355 


9V to 80V 


Dual 


Yes 


3x4DFN-14, 
SO-16 


LTC4357 


9V to 80V 


Single 


No 


2x3DFN-6, 
MSOP-8 


LT4351 


1.2V to 18V 


Single 


Yes 


MSOP-10 



www.linear.com/idealdiodes 

1-800-4-LINEAR 
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Datacom and 
Industrial Brochure 
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READERS SOLVE DESIGN PROBLEMS 



Precision temperature controller 
has thermal-gradient compensation 



W Stephen Woodward, Chapel Hill, NC 



Accurate and stable tempera- 
ture control is necessary for ef- 
fectively using many thermally sensi- 
tive components and sensors, such as 
semiconductor lasers and optical de- 
tectors. An industry has grown up in 
response to provide thermal-control 
devices, such as TECs (thermoelec- 
tric coolers), temperature sensors, and 
both monolithic and hybrid applica- 
tion-specific driver ICs, to facilitate 
the associated designs- This availabil- 
ity eases the implementation of high- 
performance thermostasis electronics 
with good dynamic behavior, because 
it allows you to assemble feedback 
loops with flexible and sophisticated 
control characteristics — PID (pro- 



portional-integral-differential) feed- 
back loops, for example — with noth- 
ing more than appropriate choices of 
shunt resistance and capacitance. Un- 
fortunately, achieving good static sta- 
bility is sometimes more difficult be- 
cause the thermal properties of a sys- 
tem, rather than the electronics, often 
cause limited temperature-control- 
loop static stability. 

Every thermal-control system in- 
curs nonzero thermal impedances in 
the heat- transfer paths between the 
source of heating, cooling, or both. 
These paths include the thermal load, 
which is the object of thermostasis; 
the temperature sensor — the therm- 
istor, for example; and the ambient 
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requires no power supply 

72 Pulse-width modulator has 
digital control 

74 Microcontroller controls 
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74 Composite instrumentation 
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reedbusiness.com. 

temperature. If the ratios of these im- 
pedances don't balance well, which, 
unfortunately, is usually the case, then 
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Figure 1 This circuit partially cancels the effects of thermal gradients in the load's thermal impedances. It works by provid- 
ing an adjustable positive- or negative-feedback path from the TEC-drive level that couples changes in ambient tempera- 
ture into compensating changes in the thermistor setpoint. 
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even perfect thermostasis of 
the sensor doesn't equate to 
adequate stability of the load's 
temperature (Figure 1). 

For example, if Z x /Z 2 is great- 
er than Z 3 /Z 4 , where Z is the 
impedance, then rising ambi- 
ent temperatures will cause the 
temperature of the load to rise, 
whereas falling ambient tem- 
peratures will cool the load- 
By contrast, if Z x /Z 2 is less than 
Z 3 /Z 4 , then rising ambient tem- 
peratures will cause the tem- 
perature of the load to fall and 
vice versa (Figure 2). Reduc- 
ing the parasitic impedances 
with tighter thermal coupling 
and better insulation can re- 
duce but seldom eliminate the 
gradient and magnitude of the error. 

The circuit in Figure 1 provides a 
different solution: an electronic work- 
around to at least partially cancel the 
effects of thermal gradients in the im- 
pedances. It works by providing an ad- 
justable positive- or negative-feedback 
path from the TEC-drive level that 
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CURRENT- 
LIMIT SET 
FOR 8 
RESISTORS R c 
AND R. 



0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 
MAXIMUM CURRENT (A) 



1.8 2 



Figure 2 The TEC's maximum-drive heat- and cool-cur- 
rent ratings determine the selection of current-sam- 
pling resistors R c and R H . 



couples changes in ambient tempera- 
ture and, therefore, in TEC drive into 
compensating changes in the thermis- 
tor-setpoint temperature. The imple- 
mentation in Figure 1 uses a popu- 
lar hybrid TEC controller. Two signal 
nodes that track TEC drive, COOL_ 
LIMIT and HEATJLIMIT, are inputs 



to an adjustable bridge circuit 
that comprises R^, K TV the 
potentiometer, and associat- 
ed circuitry. With correct ad- 
justment of R T1 and R^, a test 
determined that the thermis- 
tor setpoint must move either 
with or in opposition to ambi- 
ent temperature, so that net 
stability of the load results. A 
version of this concept flew 
as part of two tunable-diode 
laser spectrometers in the 
science package of the 1999 
Mars Polar Lander (Refer^ 
ence 1) EDN 
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Programmable current source 
requires no power supply 
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Figure 1 This programmable current source uses BCD switches to set the 
current limit. 
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MH Engineering labs are usually 
Eifl equipped with various power 
supplies, voltmeters, function genera- 
tors, and oscilloscopes- One piece of 
equipment missing from many such 
labs, however, is a current source. 
This omission is unfortunate, because 
a current source is useful for creating 
I-V (current-versus-voltage) curves, 
charging and discharging batteries, 
preloading power supplies, and many 
other applications. 

The circuit in Figure 1 is an easy- 
to-build, easy-to-use, low-cost current 
source. It comprises three sections of 
BCD (binary-coded-decimal) switch- 
es, a three- terminal adjustable regu- 
lator, a handful of 1%-tolerant resis- 
tors, and a National Semiconductor 
(www.national.com) LM317 three- 
terminal adjustable regulator. All 
newer National Semiconductor reg- 
ulators are of the low-dropout type, 
which is unsuitable for this applica- 
tion. The switches short their four 
outputs to a common terminal based 
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Drive LEDs Your Way 




▼ High Efficiency LED Drivers 



Part No. 


Topology 


Dimming 
Range 


Input Voltage 
Range (V) 


Max. Output 
Voltage (V) 


'LED (MAX) 

(A)* 


Package 


LT®1 61 8 


Buck, Boost, 
Buck/Boost Mode 


DC/PWM 


1.6 to 18 


36 


1.00 


3mm x 3mm DFN-10, 
MSOP-10 


LT3466 


Dual Boost 


DC/PWM 


2.7 to 24 


39 


0.02x2 


3mm x 3mm DFN-10 


LT3474/-1 


Buck 


400:1 PWM 


4 to 36 


9/25 


1.00 


TSS0P-16E 


LT3475/-1 


Dual Buck 


3000:1 PWM 


4 to 36 (40 Max.) 


9/25 


1.50x2 


TSSOP-20E 


LT3476 


Quad Buck, Boost, 
Buck/Boost Mode 


1000:1 PWM 


2.8 to 16 


36 


1.00x4 


5mm x 7mm QFN-38 


LT3477 


Buck, Boost, 
Buck/Boost Mode 


DC/PWM 


2.5 to 25 


40 


2.00 


4mm x 4mm QFN-20, 
TSSOP-20E 


LT3478/-1 


Buck, Boost, 
Buck/Boost Mode 


3000:1 PWM 


2.8 to 36 (40 Max.) 


40 


4.00 


TSS0P-16E 


LT3486 


Dual Boost 


1000:1 PWM 


2.7 to 24 


35 


0.10x2 


3mm x 5mm DFN-16 


LT3496 


Triple Buck, Boost, 
Buck/Boost Mode 


3000:1 PWM 


3 to 30 (40 Max.) 


45 


0.50x3 


4mm x 5mm QFN-28 


LT3517/18 


Buck, Boost, 
Buck/Boost Mode 


5000:1 PWM 


3 to 30 (40 Max.) 


45 


1.0/2.0 


4mm x4mm QFN-16 


LT3590 


Buck Mode 


200:1 PWM 


4.5 to 55 


n/a 


0.05 


2mm x 2mm DFN-6, SC-70 


LT3595 


Buck Mode 


3000:1 PWM 


4.5 to 45 


n/a 


0.05x16 


5mm x 9mm QFN-56 


LT3755/56 


Buck, Boost, 
Buck/Boost Mode 


3000:1 PWM 


4.5 to 40/6 to 100 


60/100 


Ext. FET 


3mm x 3mm QFN-16, 
MS0P-16E 


LTC®3783 


Buck, Boost, 
Buck/Boost Mode 


3000:1 PWM 


3 to 36 


40 


Ext. FET 


4mm x 5mm DFN-16, 
TSS0P-16E 



▼ Info & Free Samples 



www.linear.com/LEDdrivers 

1-800-4-LINEAR 




Free Power 
Management for 
LEDs Brochure 



www.linear.com/ledsolutions 
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*Actual output current will depend on V, N , V 0UT and topology. 
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on the digit setting of the switch. 

The circuit operates as follows: As- 
sume that the red terminal in Figure 
1 connects to a 5V power supply and 
that the black terminal connects to 
the power supply's ground. Assume 
that the middle digit (labeled 10 to 90 
mA) gets set to two and that the other 
two digits get set to zero. The BCD 
switch connects a 6211 resistor from 
the LM317's output to adjust pins. 
The LM317 forces 1.25 V across the 
62fl resistor, causing 20 mA to flow 
from the output pin through the resis- 
tor, and to the black terminal of the 



current source. The circuit maintains 
this regulation provided that the input 
voltage remains 3 to 40V. 

To construct the current source, you 
should either use a heat sink for the 
LM3 1 7 or build the circuit into a die- 
cast aluminum housing, which acts as 
the heat sink. Isolate the LM317 from 
the heat sink using a thermally conduc- 
tive isolation pad and a shoulder wash- 
er. You determine the resistors' values 
by starting with the base-resistance 
value, 1.24 kfl. Then, simply use par- 
allel values to determine the successive 
resistors' values. For example, two 1.24- 



kfl resistors in parallel yield 62011, four 
1 .24-kH resistors in parallel yield 3 1011, 
and so on. Using this approach with 
X 4W resistors ensures that the highest 
current resistors do not overheat. For 
example, eight 12.411, l AW resistors 
yield 1.5511 resistance and dissipate 
only 1 W with a peak capability of 2W. 

The performance of the circuit is 
about 2% accurate. You can achieve 
higher accuracy with hand-selected 
resistors. The output impedance for 
lower currents is more than 1 Mil but 
drops to approximately 250 kfl at 200 
mA.EDN 



Pulse-width modulator 
has digital control 

S Vinay Kumar, Mysore, India 



> 



In this Design Idea, the total 
time period of an output pulse's 
width is 16 times the pulse 
width of the input clock. 
The input clock connects 
to a binary counter (Fig- 
ure 1 ). The output of the 
binary counter then goes 
to a decoder. The decoder 
scans the signal such that 
the first output of the de- 
coder goes to an invert- 
er gate and then to the 
counter. The output of 
the counter then goes to 
one as soon as the signal 
to the counter goes from 
zero to one and then from 
one to zero. 

The multiplexer de- 
codes the output pulse 
width's time to be in the 
on state. The first output 
of the demultiplexer sets 
the output of the coun- 
ter, and the next outputs 
clear the output of the 
counter. The multiplex- 
er, a 14067, selects the 
clearing signal. Upon the 
0th input of the multi- 
plexer, the PWM (pulse- 
width-modulator) out- 



put becomes zero because the setting 
time and clearing time become nearly 



zero. The last input of the multiplex- 
er does not connect, so the final input 
selection becomes independent of the 
PWM output. The design uses all the 
intermediate input selections of the 
multiplexer. EDN 
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Figure 1 In this digitally controlled pulse-width modulator, the period of the output is 1 6 times 
the pulse width of the input clock. 
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High-frequency margining crystal 
oscillators ensure system robustness 



Reduce cost and test time in production environments 




Features 

• ±5% frequency margining 

• Nominal clock output frequencies: 1 25MHz, 
133.33MHz, and 200MHz 

• < 0.9ps RMS jitter from 1 2kHz to 20MHz 

• LVPECL or LVDS output 

• Small, 5mm x 3.2mm x 1.49mm LCCC package 

• -40°C to +85°C operating temperature range 

• Contact factory for custom frequencies 



Applications 

• Memory clocks 

• RAID systems 

• PCI, PCI Express® (PCIe®) 

• Ethernet 



PCI Express and PCIe are registered trademarks of PCI-SIG Corp. 

Technical Support 
www.maxim-ic.com/support 

>kl>JXI>kl J 



DIRECT. 



www.maxim-ic.com/shop 



AVNET 



electronics marketing 

www.avnet.com 



>kl>JXI>kl 

www.maxim-ic.com/DS4M-XO-info 



For a free sample, visit www.maxim-ic.com/samples or call 1-800-998-8800 

Distributed by Maxim Direct and Avnet Electronics Marketing. The Maxim logo is a registered trademark of Maxim Integrated Products, Inc. © 2008 Maxim Integrated Products, Inc. All rights reserved. 
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Microcontroller controls 
analog phase shifter 

Nick lerfino, IGS Technologies, Montreal, PQ, Canada 

Phase shifters find use in a va- | AD5227 64-step-up/step-down con- 

trol digital potentiometer, to replace 
the value for the resistance- The for- 
mula of the center frequency of the 
output is 1/(2XttXRxC). Differ- 
ent ranges of resistance are available 
for the AD5227. This example uses a 
10-kn value. By stepping through the 



riety of circuits, but variation 
in amplifier and capacitance toler- 
ances usually makes it difficult to con- 
trol the exact phase shift that precise 
control circuitry requires- The circuit 
in Figure 1 can control the phase shift 
from input to output by using IC 3 , an 



64 points, the 720-kHz input sine wave 
rotates several times from to 360°. 
The AD5227 acts as a potentiometer, 
in which A and B are the extremes and 
W is the wiper. 

This example uses IC 2 , a PIC16F84 
microcontroller with a crystal frequen- 
cy of 20 MHz. This microcontroller has 
a theoretical potential performance of 
5 MIPS and should serve many pur- 
poses in PLL (phase-locked-loop) cir- 
cuitry. You could use any microcon- 
troller or even an FPGA to control the 
AD5227.EDN 
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Figure 1 A PIC1 6F84 sets the resistance of the AD5227 digital potentiometer, precisely controlling the phase shift of the 
output with respect to the analog input. 



Composite instrumentation amplifier 
challenges single-chip device 
for bandwidth, offset, and noise 

Marian Stofka, Slovak University of Technology, Bratislava, Slovakia 



Although the prevailing num- 
ber set in electronics is binary, 
human- machine interaction uses a 
decimal-number set- For this reason, 
designs often require the use of ampli- 
fiers with gain programmable in steps 
in the power of 10- Currently, Analog 



Devices' (www.analog.com)AD8253 
monolithic instrumentation amplifier 
is digitally programmable with voltage 
gains of one, 10, 100, and 1000 (Ref- 
erence 1)- This IC has high band- 
width at lower gains, but you inevita- 
bly sacrifice this bandwidth when the 



amplifier has a gain of 1000. If your 
application's demands for bandwidth 
reach the megahertz range at a gain 
of 1000 and if offset and noise perfor- 
mance prevail over circuit complexity, 
then a composite amplifier may fill the 
bill (Figure 1). 

The composite amplifier is a cascade 
of three Analog Devices' AD8250 dig- 
itally gain-programmable amplifiers 
ICp IC 2 , and IC 3 (Reference 2). The 
AD8250 is programmable for voltage 
gains of one, two, five, and 10. Because 
the gains of one and 10 are the only 
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Most integrated single-chip solution 
for magnetic sensor measurements 



Position and displacement sensing without contact 
in automotive and industrial applications 

MAGNETIC FIELD 
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Applications 

• Automotive steering 

• Brake and throttle position sensing 

• Shaft rotation sensing 



• Valve positioning 

• Linear or angular position/ 
displacement sensing 



Part 


Flash size (kB) 


Priced ($) 


MAXQ7665BATM+ 


64 (32k x 16) 


7.83 


MAXQ7666BATM+* 


16 (8k x 16) 


Contact factory 




*Future product — contact factory for availability. 

f 1000-up recommended resale. Prices provided are for design guidance and are FOB USA. International prices will differ due to local duties, taxes, and exchange rates. Not all packages are offered 
in 1k increments, and some may require minimum order quantities. 
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For a free sample, visit www.maxim-ic.com/samples or call 1-800-998-8800 

Distributed by Maxim Direct and Avnet Electronics Marketing. The Maxim logo is a registered trademark of Maxim Integrated Products, Inc. © 2008 Maxim Integrated Products, Inc. All rights reserved. 
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ones of interest in this case, the 2-bit 
words corresponding to these two val- 
ues of gain are the zero and three in 
binary code, and the two logic pins of 
each of these three ICs connect. The 
AD8250 has a typical bandwidth of 
3.8 MHz and a guaranteed bandwidth 
of 3 MHz at a gain of 10. The net re- 
sult is that the bandwidth of the ampli- 
fier is 1.9 MHz at a gain of 1000, which 
is more than six times that of the sin- 
gle-chip AD8253. The low-frequency 
noise is less than 40% of that of the 
single-chip device.EDN 

REFERENCES 

m "AD8253 10 MHz, 20V/u.s, G=1, 
10, 100, 1000 iCMOS Program- 
mable Gain Instrumentation Amplifier," 
Analog Devices, 2007, www.analog. 
com/pr/AD8253. 

3 "AD8250 10 MHz, 20V/u.s, G = 1, 
2, 5, 10 iCMOS Programmable Gain 
Instrumentation Amplifier," Analog 
Devices, 2007, www.analog.com/pr/ 
AD8250. 
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Figure 1 Although comprising five IC packages, this digitally gain-program- 
mable instrumentation amplifier reaches a typical bandwidth of 1 .9 MHz at a 
gain of 1 000 and thus covers the megahertz range at any of the programmable 
gains of one, 1 0, 1 00, and 1 000. 



a leap ahead in automotive 



► System Basis Chips 

-applications with LIN connection 
-features for sensing and actuation 

► Magnetic Rotary Encoders 

-transmission box applications 
-steering wheel positioning 

► FlexRay™ Transceivers 

-next generation vehicle networks 
-reliable and stable bus systems 

► Data Acquisition Products 

-high precision sensing 
-battery energy management 




More than 25 years leading 
in automotive ASIC designs 



West Coast (408) 345-1790 • East Coast (919) 676-5292 
www.austriamicrosystems.com 
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Intersil Handheld Products 



High Performance Analog 




Improve your performance in 
portable media players with Intersil's 
high performance analog ICs. 



Analog Mixed Signal: 

— Amplifiers 

— DCPs 

— Light Sensors 

— Real-Time Clocks 

— RS-232 Interface 

— Switches/MUXes 
Video Drivers 

— Voltage References 



Go to www.intersil.com for samples, datasheets and support 



Intersil -An industry leader in Switching Regulators and Amplifiers. 

©2007 Intersil Americas Inc. All rights reserved. The following are trademarks or services marks owned by Intersil Corporation 
or one of its subsidiaries, and may be registered in the USA and/or other countries: Intersil (and design) and i (and design). 




Power Management: 

— Backlight Drivers 

— Battery Authentication 
^ Battery Chargers 

— Fuel Gauges 

— Integrated FET Regulators 

— LCD Display Power 

— LDOs 

— Memory Power Management 
Overvoltage and 
Overcurrent Protection 

— Voltage Monitors 



intersil 

HIGH PERFORMANCE ANALOG 



Looking to buy? 
With BuyerZone, every big deal 
is no big deal at all. 



BuyerZone is the trusted, unbiased site that brings buyers and sellers of business purchases 
together to make the purchasing process easier while saving both parties time and money* 
Credit Card Processing, Building Services, Home Security, Trade Show Displays, Forklifts and 
Construction Equipment, Business Purchases and more... Let us do the work so you don't have to. 

Join the millions whoVe already saved time and money on many of their purchases by taking 
advantage of BuyerZone's FREE, no obligation services like: 

• Quotes from multiple suppliers • Pricing articles 

• Buyer's guides • Supplier ratings 

• Supplier comparisons 



^REQUEST FREE QUOTES NOW! 
Call (866) 623-5525 or visit 
BuyerZoneQuotes.com 




Where Smart Businesses Buy and Sell 



A division of 

j^Reed Business Information. 
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Motors provide 
encoder-free motion control 

□ The high- efficiency, zero -slip Sinochron motors feature 
encoder-free motion control and a 0-25- to 10-kW rat- 
ing. Exceeding EPACT 1 (Energy Policy Act) efficiency in 
fractional-horsepower sizes, the motors claim 25 to 40% effi- 
ciency, depending on operating range- The devices target me- 
dium-dynamic, medium- accuracy applications, such as stair/ 
car-truck lifts, crane drives, powder-coating machines, pack- 
aging machines, industrial doors, and hydraulic pumps- In alu- 
minum housings, the devices use three-phase stator windings 
with custom-designed rotors with magnets embedded in the 
stack. The devices have 1° typical accuracy when you couple 
them to a gearbox and ±5° when you couple them to the mo- 
tor shaft. The Sinochron motors cost $145 with a 0.55-kW 
output; motors with controllers cost $300. 
ABM Drives Inc, www.abm-drives.com 

Controller IC targets three-phase motors 

Targeting use in automotive Hall-commutated three- 
phase motors, the temperature- and voltage-grade A3 930 
and A3931 three-phase BLDC (brushless-direct-current) -mo- 
tor-controller ICs integrate the commutation logic onboard. 
The microprocessor directly drives the Hall-sensor inputs, 
making the devices suitable for automotive-grade ICs for ro- 
bust BEMF (back-electromotive-force) sensorless devices. An 
on-chip commutation decoder and state machine read the in- 
puts of three Hall-sensor or I/O inputs from the processor and 
then output the gate-drive signals controlling three high-side 
and three low-side discrete external NMOS MOSFETs that 
drive the three-phase BLDC motor. Additional features in- 
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Misaligned registration marks 
are getting underpressure 

Our extremely fast VC BoardCams instantly catch misa- 
ligned registration marks. The intelligent single board 
Smart Cameras ensure optimal quality control for all 
production processes. 

Additional advantages: 

• Multi tasking ready 

• Available in black & white and color 

• Jitter-free image acquisition 

• Exceptional price per performance ratio 

• Resistance to shock and vibration 

Please visit our website for more detailed information 
about the wide product ranqe. 
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Vision Components® 

The Smart Camera People 



since 1996 



WWW.VISION-COMPONENTS.COM 
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elude an integrated charge pump, a 5.5 to 50V battery- voltage 
range, extensive diagnostics, a low-current quiescent-current 
mode, and a 5V supply requiring an external NPN transistor 
for the Hall sensors. Available in a 48L eLQFP package, the 
A3930 and A3931 controller ICs cost $3.12 (1000) each. 
Allegro Microsystems, www.allegromicro.com 

PLCopen-compliant software allows for 
programming in five additional languages 

□ Version 6.0 of the vendor's motion-control-application- 
development kit provides PLCopen-compliant control 
software, allowing users to program in five languages, in addi- 
tion to ACSPL (ACS programming language) + . The software 
provides variable mapping, enabling flexible bidirectional in- 
terfacing, mutual synchronization, and functionality exchange 
between ACSPL + and IEC (International Electrotechnical 
Commission) 61131-3 programs. Additional features include 
CANopen (controller-area-network-open) support, allowing 
the configuration of SPiiPlus motion controllers as a CAN- 



open master, according to DS-402 specifications, as well as 
control of as many as 64 nodes of motion or I/O. The software 
provides a simulator tool for modeling a closed-loop servo sys- 
tem, enabling development of multiaxis controller programs 
in a PC environment with no motion-control hardware. An 
MMI (man-machine-interface) feature provides program and 
motion management, configuration, system analysis, servo 
turning, programming, parameter viewing, I/O monitoring, 
and safety tools. The free motion simulator is downloadable 
from the vendor's Web site. 
ACS Motion Control, www.acsmotioncontrol.com 

SRM-SPM power modules suit 
small-motor applications 

□ Driving two-phase SRM (switch-reluctance-motor) de- 
signs in small-motor applications, the FCAS20DN60BB 
and the FCA30DN60BB SRM-SPM (smart power modules) 
combine 14 tested power components. The device integrates 
two high-voltage ICs, a low- voltage IC, four NPT (non-punch- 
through) IGBTs (insulated-gate bipolar transistors), four fast- 
recovery diodes, two bootstrap diodes, a thermistor, and sev- 
eral protection functions. Available in a 45 X28-mm SIP pack- 
age, the 600V, 20A FCAS20DN60BB and the 600V, 30A 
FCA30DN60BB cost $16.38 and $17.94 (100), respectively. 
Fairchild Semiconductor, www.fairchildsemi.com 



Development kit claims a 30% 
reduction of processor resources 

□ Based on the STM32 flash microcontroller, the STM- 
3210B-McKit three-phase motor-control-development 
kit provides hardware and firmware for evaluating 3 2 -bit devic- 
es or for beginning development of a sensorless-motor-control 
application. Using the ARM Cortex-M3 core, the device suits 
home-appliance and industrial applications. Using no sensors, 
the kit implements a vector-control algorithm for a three-phase 
PMSM (permanent-magnet-synchronous motor) in less than 
25 fisec. This feature allows the device to use less than 30% 
of the processor's resources for most applications. The PMSM's 
code fits into less than 16 kbytes. Suiting use with PMSM and 
ac-induction motors, the hardware platform operates at 48V 
and includes schematics to reduce hardware-design time. The 
kit allows real-time control and monitoring using an onboard 
color LCD and joystick or stand-alone operation using an on- 
board pushbutton and trimmers. Additional features include 
the Segger J -Link USB-powered JTAG emulator and flash-pro- 
gramming and real-time-debugging capability. The STM32 10B- 
McKit development kit costs $1 129 with a 24V-dc PMSM. 
STMicroelectronics, www.st.com 



M0RNSUN 

Industrial DC&AC converter professional 

DC-DC & AC-DC 
Professional manufacturer 




♦ 10 years of professional manufacturing 

♦ ERP,CRM,OA,PDM management 

♦ Standardized flows and processes 

♦ More than 60 patents 

♦ Standard pinouts, high compatibility 

♦ Compact, highly cost effective 

♦ Short lead time:8-20 days 



Nepcon Malaysia(Penang) 2008/6/3-6 Booth: F1 8 
Electroniclndia 2008( Bangalore) 2008/9/2-5 Booth: 2552 
We cordially invite you to come and visit our Exhibition fair^ 
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Mornsun America, He 

Addr: 43 Broad Street Suite B206 Hudson, MA 01 749 
Contact: Mr. Frank Rene Mob: 001 978 551 8941 
Tel: 001 978 567 9600 Fax: 001 978 567 9601 
Email: sales-usa@rnornsun.cn 

frene@powerpartners-inc.com 
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KEIL 

An ARM® Company 



crocontroner 



Software 
Development 
Tools 



pment Solutions 



C/C++ Development Kit including 
best-in-class compilers, genuine Keil 
|j Vision®, and royalty-free RTX RXOS. 



ULINIC2 Adapter 

for target debugging 
and Flash programming. 




Keil RTOS and Middleware components are specifically 
optimized for embedded systems and include TCP/IP, Flash File 
system, USB and CAN support. 



Call I -800-348-805 1 for a free demo CD. 



ARM 



www.keil.com/arm 
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Out-of-the box support 

for more than 1 ,400 
Microcontroller devices. 
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I GHz BGA/QFN Sockets 
0.3mm to 1.27mm 




• Up to 500,000 insertions 

• Bandwith to 40 GHz 

• 2.5mm per side larger than IC 

• Ball Count over 3500, Body 2 - 100mm 

• Four different contactor options 

• Optional heatsinking to 100W 

Our GHz BGA/QFN sockets provide excellent 
signal integrity in a small, cost effective ZIF 
socket for prototyping and production test use. 
Request our free catalog today! 

Tel: (800) 404-0204 
Fax: (952) 229-8201 

www.ironwoodelectronics.com 
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l/Os, solenoid, relays, CompactFlash, LCD, Ethernet, USB, 
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TALES FROM THE CUBE 



BY STEPHEN TOMPOROWSKI ♦ KAMAN MEASURING SYSTEMS 



One giant leap for "enhanced" hybrid 




n August 2002, 1 started a new job in an engineering depart- 
ment with 35 -year-old products. I became the lead engineer 
on the flagship product, most of whose circuitry resided in a 
hybrid. The hybrid provider was not interested in our small 
quantities, and quality suffered. We submitted an "updated" 
design from one of the long-gone engineers to another 
hybrid house. At that point, there was no rush, and we had 
plenty of stock. 



A wonderful application then 
emerged- A major contractor wanted 
our product to go into space- We had 
a military-qualified hybrid, so it was 
only "one small step" to an aerospace 
application, or so we thought- The new 
hybrid house had all the expertise we 
required, and the project was now sud- 
denly in overdrive. 

But then the hybrid tech called me 
and said that the internal oscillator was 
working but wasn't displaying a sine 
wave- I asked what it was displaying, 
but he couldn't explain it. 

This eddy-cunent-measurement sys- 
tem had a combined oscillator/AGC 
(automatic-gain-control) system for a 
stable signal to the sensor. This tech- 



nique involves the use of two inter- 
twined loops: one feedback for the 
crystal oscillator and another to control 
the amplitude. 

The next week, bearing the sche- 
matics of both the old and the new hy- 
brids, I drove five hours to the hybrid 
house. The tech showed me the output 
of the oscillator. I couldn't describe the 
signal, either. It periodically spiked, 
curved, and jumped. As I puzzled over 
that situation, the tech brought his 
bench magnifying lamp close to the 
circuit, and bang! A perfect sine wave 
appeared. Because the hybrid was us- 
ing bare dice, the proximity of the 
light probably changed the gain of the 
differential amplifier. I shrugged it off 



as a neat parlor trick and dug into the 
circuitry. 

The first thing I noticed was that the 
schematic had an emitter resistor on 
the gain transistor twice the size of the 
resistor in the old circuit. Fiddling with 
that problem, we found that we had to 
reduce the emitter resistance to almost 
zero to get a good sine wave. That ap- 
proach didn't sit well with me because 
it wouldn't give the collector current 
much limiting. Going back to the out- 
put of the differential amp, I noticed 
that the ugly signal was much higher 
in amplitude than the oscillator out- 
put should be and that it had shifted to 
positive. A clue! I traced the feedback 
for the amplitude and noticed that the 
system was rectifying only the nega- 
tive swing of the signal and was using 
it for the error signal. With the signal 
shifted, there was no correction signal 
and the differential amp was running 
wide open. So, somewhere in that loop, 
something was amiss. 

It turns out that someone had added 
some new circuitry at the output of the 
differential amp: a diode connected to 
a biased zener. When you start up any 
AGC system, you're bound to have a 
too-large signal due to the filter time 
constant on the error signal. It looked 
as if someone had tried to cut off the 
signal peaks from being too high until 
the AGC kicked in. But why did that 
person use a biased zener? 

I had the tech remove the two com- 
ponents. Bingo! We saw a perfect sine 
wave. The attempt to limit the start- 
up amplitude was amiss in that some- 
one had tried to place the limit on the 
wrong side of ground. The result was 
unique. 

That hybrid design went into space 
and is about to do so again. The lesson? 
Beware of engineers bearing "enhance- 
ments" — that is, until you examine 
them first !edn 

Stephen Tomporowski is a design en- 
gineer at Kaman Measuring Systems 
(Middletown, CT). Like him, you can 
share your Tales from the Cube and 
receive $200* Contact edn.editor@ 
reedbusiness . com. 
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Some companies are just known for their consistent quality. 

From quote to delivery, we serve up the world's best online PCB ordering. 
Consistent, quality proto-boards, every time. 

www.sunstone.com 



2-6 layer, quickturn proto-boards 
Complete customer service, 24/7, 365 days a year 
Over 30 years of manufacturing experience 
The ultimate in easy online PCB ordering 



"Sunstone has done a great job with all of our orders. We rely on 
your easy online ordering system, quality 
boards, and fast lead times." 

- Sunstone customer feedback 




1 3626 S. Freeman Road Mulino, OR 97042 I 503.829.9108 
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Change 



the design, 



not the deadlines 



PSoC flexibility enables changes anytime: at concept, through 
production, in the field. Specifications change constantly. Yet 
pressures to differentiate, minimize costs, and speed time-to-market 
remain the same. To stay ahead of the curve, you need flexibility, 
prog ram mobility, and scalability. PSoC's unique programmable 
architecture delivers this and more. Futureproof your design; make 
PSoC your agent of change. 

PSoC delivers: 

■ The configurability of an FPGA, the mixed-signal integration 
of an ASIC, and the familiarity of an MCU. 

■ Reusable IP, compatible device families and variable 
resource options so you can optimize design efforts 
and accommodate changes. 

■ Two powerful development platforms: PSoC Express™ Software for 
code-free visual embedded system design and PSoC Designer™ 
Software for complete flexibility to write code. 



GET STARTED WITH PSoC NOW. 



Download our "Change Happens" White Paper 
and get 50% * off a PSoC development kit: 
cypress.com/go/changepaper 

Download free PSoC Express™ or PSoC Designer™ 
embedded software: cypress.com/go/changesoft 

Request free PSoC device samples: 
cypress.com/go/changechip 

Free online training: 
cypress.com/go/changetrain 

Purchase PSoC development tools: 
cypress.com/go/changetools 




PSoC includes programmable analog and digital blocks, a fast MCU, flash 
and SRAM memory, all in a compact package (as small as 3mm x 3mm). 
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